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BACKGROUND OF THE INVENTION 
Tuberculosis is a chronic infectious disease caused by infection with M. 
tuberculosis and other Mycobacterium species. It is a major disease in developing countries, 
as well as an increasing problem in developed areas of the world, with about 8 million new 
cases and 3 million deaths each year. Although the infection may be asymptomatic for a 
considerable period of time, the disease is most commonly manifested as an acute 
inflammation of the lungs, resulting in fever and a nonproductive cough. If untreated, serious 
complications and death typically result. 

Although tuberculosis can generally be controlled using extended antibiotic 
therapy, such treatment is not sufficient to prevent the spread of the disease. Infected 
individuals may be asymptomatic, but contagious, for some time. In addition, although 
compliance with the treatment regimen is critical, patient behavior is difficult to monitor. 
Some patients do not complete the course of treatment, which can lead to ineffective 
treatment and the development of drug resistance. 

In order to control the spread of tuberculosis, effective vaccination and 
accurate early diagnosis of the disease are of utmost importance. Currently, vaccination with 
live bacteria is the most efficient method for inducing protective immunity. The most 



common mycobacterium employed for this purpose is Bacillus Calmette-Guerin (BCG), an 
avirulent strain of M. bovis. However, the safety and efficacy of BCG is a source of 
controversy and some countries, such as the United States, do not vaccinate the general 
public with this agent. 

Diagnosis of tuberculosis is commonly achieved using a skin test, which 
involves intradermal exposure to tuberculin PPD (protein-purified derivative). Antigen- 
specific T cell responses result in measurable induration at the injection site by 48-72 hours 
after injection, which indicates exposure to mycobacterial antigens. Sensitivity and 
specificity have, however, been a problem with this test, and individuals vaccinated with 
BCG cannot be distinguished from infected individuals. 

While macrophages have been shown to act as the principal effectors of 
Mycobacterium immunity, T cells are the predominant inducers of such immunity. The 
essential role of T cells in protection against Mycobacterium infection is illustrated by the 
frequent occurrence of Mycobacterium infection in AIDS patients, due to the depletion of 
CD4 + T cells associated with human immunodeficiency virus (HIV) infection. 
Mycobacterium-reactive CD4 + T cells have been shown to be potent producers of y-interferon 
(IFN-y), which, in turn, has been shown to trigger the anti-mycobacterial effects of 
macrophages in mice. While the role of IFN-y in humans is less clear, studies have shown 
that 1,25-dihydroxy-vitamin D3, either alone or in combination with IFN-y or tumor necrosis 
factor-alpha, activates human macrophages to inhibit M. tuberculosis infection. Furthermore, 
it is known that IFN-y stimulates human macrophages to make 1,25-dihydroxy-vitamin D3. 
Similarly, interleukin-12 (IL-12) has been shown to play a role in stimulating resistance to M. 
tuberculosis infection. For a review of the immunology of M. tuberculosis infection, see 
Chan & Kaufmann, Tuberculosis: Pathogenesis, Protection and Control (Bloom ed., 1994), 
and Harrison's Principles of Internal Medicine, volume 1, pp. 1004-1014 and 1019-1023 
(14th ed., Fauci et al., eds., 1998). 

Accordingly, there is a need for improved diagnostic reagents, and improved 
methods for diagnosis, preventing and treating tuberculosis. 

SUMMARY OF THE INVENTION 
The present invention provides pharmaceutical compositions comprising at 
least two heterologous antigens, fusion proteins comprising the antigens, and nucleic acids 
encoding the antigens, where the antigens are from a Mycobacterium species from the 



tuberculosis complex and other Mycobacterium species that cause opportunistic infections in 
immune compromised patients. The present invention also relates to methods of using the 
polypeptides and polynucleotides in the diagnosis, treatment and prevention of 
Mycobacterium infection. 

The present invention is based, in part, on the inventors' discovery that fusion 
polynucleotides, fusion polypeptides, or compositions that contain at least two heterologous 
M. tuberculosis coding sequences or antigens are highly antigenic and upon administration to 
a patient increase the sensitivity of tuberculosis sera. In addition, the compositions, fusion 
polypeptides and polynucleotides are useful as diagnostic tools in patients that may have been 
infected with Mycobacterium. 

In one aspect, the compositions, fusion polypeptides, and nucleic acids of the 
invention are used in in vitro and in vivo assays for detecting humoral antibodies or cell- 
mediated immunity against M. tuberculosis for diagnosis of infection or monitoring of 
disease progression. For example, the polypeptides may be used as an in vivo diagnostic 
agent in the form of an intradermal skin test. The polypeptides may also be used in in vitro 
tests such as an ELISA with patient serum. Alternatively, the nucleic acids, the 
compositions, and the fusion polypeptides may be used to raise anti-M tuberculosis 
antibodies in a non-human animal. The antibodies can be used to detect the target antigens in 
vivo and in vitro. 

In another aspect, the compositions, fusion polypeptides and nucleic acids may 
be used as immunogens to generate or elicit a protective immune response in a patient. The 
isolated or purified polynucleotides are used to produce recombinant fusion polypeptide 
antigens in vitro, which are then administered as a vaccine. Alternatively, the 
polynucleotides may be administered directly into a subject as DNA vaccines to cause 
antigen expression in the subject, and the subsequent induction of an anti-M tuberculosis 
immune response. Thus, the isolated or purified M. tuberculosis polypeptides and nucleic 
acids of the invention may be formulated as pharmaceutical compositions for administration 
to a subject in the prevention and/or treatment of M. tuberculosis infection. The 
immunogenicity of the fusion proteins or antigens may be enhanced by the inclusion of an 
adjuvant, as well as additional fusion polypeptides, from Mycobacterium or other organisms, 
such as bacterial, viral, mammalian polypeptides. Additional polypeptides may also be 
included in the compositions, either linked or unlinked to the fusion polypeptide or 
compositions. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows/fhe nucleic acid sequence of a vector encoding TbF14 (SEQ 
0:89). Nucleotides 5096 to 8594 encode TbF14 (SEQ ID NO:51). Nucleotides 5072 to 
5095 encode the eight^nino acid His tag (SEQ ID NO:90); nucleotides 5096 to 7315 encode 
5 the MTb8 1 antigen (SEQ ID NO: 1 ); and nucleotides 73 1 6 to 8594 encode the Mo2 antigen 
j06 (SEQIDNC^). 

^ I Figure 2 shows the nucleic acid sequence of a vector encoding TbFl 5 (SEQ 

ID NO:91). Nucleotides 5096 to 8023 encode the TbFl 5 fusion protein (SEQ ID NO:53). 
Nucleotides 5072 to/5095 encode the eight amino acid His tag region (SEQ ID NO: 90); 
nucleotides 5096"to 5293 encode the Ra3 antigen (SEQ ID NO:5); nucleotides 5294 to 6346 
encode the 3mzD antigen (SEQ ID NO:7); nucleotides 6347 to 6643 encode the 38-1 antigen 
(SEQ ID NO:9); and nucleotides 6644 to 8023 encode the FL TbH4 antigen (SEQ ID 
NO: 11), 

Figure 3 shows the amino acid sequence of TbFl 4 (SEQ ID NO: 52), including 
the eight amino acid His tag at the N- terminus. 

Figure 4 shows the amino acid sequence of TbFl 5 (SEQ ID NO:54), including 
the eight amino acid His tag at the N-terminus. 

Figure 5 shows ELISA results using fusion proteins of the invention. 
Figure 6 shows the nucleic acid and the predicted amino acid sequences of the 
entire open reading frame of HTCC#1. FL (SEQ ID NO: 13 and 14, respectively). 
r/^ 1 ) ) Figure 7 shoA^s the nucleic acid and predicted amino acid sequences of three 

^x^tfagments of HTCC#1. (a) ancMb) show the sequences of two overlapping fragments: an 
amino terminal half fragment (residues 1 to 223), comprising the first trans-membrane 
domain (a) and a carboxy termina\half fragment (residues 184 to 392), comprising the last 
two trans-membrane domains (b); (a) shows a truncated amino-terminal half fragment 
(residues 1 to 128) devoid of the transmembrane domain. 

Figure 8 shows the nucleic acid and predicted amino acid sequences of a 
TbRal2-HTCC#l fusion protein (SEQ ID NO:63 and 64, respectively). 

1 Figure 9a sho^s the nucleic acid and predicted amino acid sequences of a 
recombinant HTCC#1 lacking tne first trans-membrane domain (deleted of the amino acid 
residues 150 to 160). Figure 9b mows the nucleic acid and predicted amino acid sequences 
of 30 overlapping peptides of HTOC#l used for the T-cell epitope mapping. Figure 9c 
illustrates the results of the T-cell epitope mapping of HTCC#1. Figure 9d shows the nucleic 
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acid and predicted amino acid sequences of a deletion construct of HTCC#1 lacking all the 
trans-membrane domains (deletion of amino acid residues 101 to 203). 

Figure 10 shows the nucleic acid and predicted amino acid sequences of the 
fusion protein HTCC#l(184-392)-TbH9-HTCC#l(l-129) (SEQ ID NO:57 and 58, 
5 respectively). 

Figure 1 1 shows the nucleic acid and predicted amino acid sequences of the 
fusion protein HTCC#l(l-149)-TbH9-HTCC#l(161-392) (SEQ ID NO:59 and 60, 
respectively). 

Figure 12 shows the nucleic acid and predicted amino acid sequences of the 
10 fusion protein HTCC#l(184-392)-TbH9-HTCC#l(l-200) (SEQ ID NO:61 and 62, 
respectively). 

Figure 13 shows the nucleotide sequence of Mycobacterium tuberculosis 
antigen MTb59 (SEQ ID NO:49). 

Figure 14 shows the amino acid sequence of Mycobacterium tuberculosis 
1 5 antigen MTb59 (SEQ ID NO:50). 

Figure 15 shows the nucleotide sequence of Mycobacterium tuberculosis 
antigen MTb82 (SEQ ID NO:47). 

Figure 16 shows the amino acid sequence of Mycobacterium tuberculosis 
antigen MTb82 (SEQ ID NO:48). 

| Figure 17 sHWs the amino acid sequence of Mycobacterium tuberculosis the 




secreted form of antigen DPP^ (SEQ ID NO:44). 

DESCRIPTION OF SEQUENCES 
SEQ ID NO:l is the nucleic acid sequence encoding the Mtb81 antigen. 
25 SEQ ID NO:2 is the amino acid sequence of the Mtb81 antigen. 

SEQ ID NO:3 is the nucleic acid sequence encoding the Mo2 antigen. 
SEQ ID NO:4 is the amino acid sequence of the Mo2 antigen. 
SEQ ID NO: 5 is the nucleic acid sequence encoding the TbRa3 antigen. 
SEQ ID NO:6 is the amino acid sequence of the TbRa3 antigen. 
30 SEQ ID NO:7 is the nucleic acid sequence encoding the 38kD antigen. 

SEQ ID NO:8 is the amino acid sequence of the 38kD antigen. 

SEQ ID NO:9 is the nucleic acid sequence encoding the Tb38-1 antigen. 

SEQ ID NO: 10 is the amino acid sequence of the Tb38-1 antigen. 
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TbH4 antigen. 



antigen. 



SEQ ED NO:l 1 is the nucleic acid sequence encoding the full-length (FL) 

SEQ ID NO: 12 is the amino acid sequence of the FL TbH4 antigen. 

SEQ ED NO: 13 is the nucleic acid sequence encoding the HTCC#1 (Mtb40) 
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SEQ ED NO: 14 is the amino acid sequence of the HTCC#1 antigen. 
/ SEQ ID NO*!\15 is the nucleic acid sequence of an amino terminal half 
'agment (residues 1 to 223) of HTCC#1, comprising the first trans-membrane domain. 
^ ^7 \ SEQ ED^O: 16 is the predicted amino acid sequence of an amino terminal half 
^agpfent (residues 1 to 223) of HTCC#1. 

\J/ SEQ ED NO: 17 is the nucleic acid sequence of a carboxy terminal half 

' fragment (residues 184 to 392) of HTCC#1, comprising the last two trans-membrane 
domains. 

SEQ ID NO: 18 is the predicted amino acid sequence of a carboxy terminal 
half fragment (residues 184 to 392) of HTCC#1. 

) SEQ ID NO: 19 the nucleic acid sequence of a truncated amino-terminal half 
agment (residues 1 to 128Vof HTCC#1 devoid of the trans-membrane domain. 

SEQ ID NO: 20 is the predicted amino acid sequence of a truncated amino- 
half fragment (residij^s 1 to 128) of HTCC#1. 

SEQ ED NO:21 is the nucleic acid sequence of a recombinant HTCC#1 
lacking the first trans-membrane domain (deleted of the amino acid residues 150 to 160). 

SEQ ID NO:22 is the predicted amino acid sequence of a recombinant 
HTCC#1 lacking the first trans-membrane domain (deleted of the amino acid residues 150 to 
160). 

SEQ ID NO: 23 is the nucleic acid sequence of a deletion construct of 
HTCC#1 lacking all the trans-membrane domains (deletion of amino acid residues 101 to 
203). 

SEQ ID NO:24 is the predicted amino acid sequence of a deletion construct of 
HTCC#1 lacking all the trans-membrane domains (deletion of amino acid residues 101 to 
203). 

SEQ ID NO:25 is the nucleic acid sequence encoding the TbH9 (Mtb39A) 




antigen. 



SEQ ID NO:26 is the amino acid sequence of the TbH9 antigen. 

SEQ ED NO:27 is the nucleic acid sequence encoding the TbRal2 antigen. 



6 



antigen. 



antigen. 




20 antigen. 
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antigen. 



30 antigen. 



protein. 



SEQ ID NO:28 is the amino acid sequence of the TbRal2 antigen 
SEQ ID NO:29 is the nucleic acid sequence encoding the TbRa35 (Mtb32A) 

SEQ ID NO:30 is the amino acid sequence of the TbRa35 antigen 
SEQ ID NO:31 is the nucleic acid sequence encoding the MTCC#2 (Mtb41) 

SEQ ID NC232 is the amino acid sequence of the MTCC#2 antigen. 
^5S£Q ID NO:33 is the nucleic acid sequence encoding the MTI (Mtb9.9A) 

EQ ID lsf6:34 is the amino acid sequence of the MTI antigen. 
SEQ ID NO:35 is the nucleic acid sequence encoding the MSL (Mtb9.8) 

fSEQ ID NO:36^ the amino acid sequence of the MSL antigen. 
SEQ ID NO:37 is the nucleic acid sequence encoding the DPV (Mtb8.4) 

SEQ ID NO:38 is the amino acid sequence of the DPV antigen 

SEQ ID NO:39 is the nucleic acid sequence encoding the DPEP antigen 

SEQ ID NO:40 is the amino acid sequence of the DPEP antigen. 

SEQ ID NO:41 is the nucleic acid sequence encoding the Erdl4 (Mtbl6) 

SEQ ID NO:42 is the amino acid sequence of the Erdl4 antigen 

SEQ ID NO:43 is the nucleic acid sequence encoding the DPPD antigen 

SEQ ID NO:44 is the amino acid sequence of the DPPD antigen. 

SEQ ID NO:45 is the nucleic acid sequence encoding the ESAT-6 antigen 

SEQ ID NO:46 is the amino acid sequence of the ESAT-6 antigen. 

SEQ ID NO:47 is the nucleic acid sequence encoding the Mtb82 (Mtb867) 

SEQ ID NO:48 is the amino acid sequence of the Mtb82 antigen 

SEQ ID NO:49 is the nucleic acid sequence encoding the Mtb59 (Mtb403) 

SEQ ID NO:50 is the amino acid sequence of the Mtb59 antigen. 
SEQ ID NO:51 is the nucleic acid sequence encoding the TbF14 fusion 

SEQ ID NO:52 i« the amino acid sequence of the TbF14 fusion protein. 



SEQ ID NO:53 is the nucleic acid sequence encoding the TbF15 fusion 

protein. 

SEQ ID NO:54 is the amino acid sequence of the TbF15 fusion protein. 
SEQ ID NO:55 is the nucleic acid sequence of the fusion protein 
HTCC#1 (FL)-TbH9(FL). 

SEQ ID NO:56 is the amino acid sequence of the fusion protein HTCC#1(FL)- 

TbH9(FL). 

SEQ ID NO:57 is the nucleic acid sequence of the fusion protein 
HTCC# 1 ( 1 84-3 92)-TbH9-HTCC# 1(1-129). 

SEQ ID NO: 5 8 is the predicted amino acid of the fusion protein 
HTCC# 1 ( 1 84-3 92)-TbH9-HTCC# 1(1-129). 

SEQ ID NO:59 is the nucleic acid sequence of the fusion protein HTCC#1(1- 
1 49)-TbH9-HTCC# 1 ( 1 6 1 -3 92) . 

SEQ ID NO: 60 is the predicted amino acid sequence of the fusion protein 
HTCC# 1(1-1 49)-TbH9 -HTCC# 1 ( 1 6 1 -3 92). 

SEQ ID NO:61 is the nucleic acid sequence of the fusion protein 
HTCC#l(184-392)-TbH9-HTCC#l(l-200). 

SEQ ID NO:62 is the predicted amino acid sequence of the fusion protein 
HTCC# 1 ( 1 84-3 92)-TbH9-HTCC# 1 ( 1 -200). 

SEQ ID NO:63 is the nucleic acid sequence of the TbRal2-HTCC#l fusion 

protein. 

SEQ ID NO:64 is the predicted amino acid sequence of the TbRal2-HTCC#l 

fusion protein. 

SEQ ID NO:65 is the nucleic acid sequence of the TbF (TbRa3, 38kD, Tb38- 
1) fusion protein. 

SEQ ID NO: 66 is the predicted amino acid sequence of the TbF fusion 

protein. 

SEQ ID NO:67 is the nucleic acid sequence of the TbF2 (TbRa3, 38kD, Tb38- 
1 , DPEP) fusion protein. 

SEQ ID NO:68 is the predicted amino acid sequence of the TbF2 fusion 

protein. 

SEQ ID NO:69 is the nucleic acid sequence of the TbF6 (TbRa3 5 38kD, Tb38- 
1 , TbH4) fusion protein. 
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SEQ ED NO:70 is the predicted amino acid sequence of the TbF6 fusion 

protein. 

SEQ ID NO:71 is the nucleic acid sequence of the TbF8 (38kD-linker-DPEP) 

fusion protein. 

5 SEQ ED NO: 72 is the predicted amino acid sequence of the TbF8 fusion 

protein. 

SEQ ED NO:73 is the nucleic acid sequence of the Mtb36F (Erdl4-DPV-MTI) 

fusion protein. 

SEQ ED NO: 74 is the predicted amino acid sequence of the Mtb36F fusion 

10 protein. 

SEQ ID NO:75 is the nucleic acid sequence of the Mtb88F (Erdl4-DPV-MTI- 
MSL-MTCC#2) fusion protein. 

y3 SEQ ID NO:76 is the predicted amino acid sequence of the Mtb88F fusion 

CP 

p5 protein. 

jj} 15 SEQ ID NO:77 is the nucleic acid sequence of the Mtb46F (Erdl4-DPV-MTI- 

N! MSL) fusion protein. 

ru 

s SEQ ID NO: 78 is the predicted amino acid sequence of the Mtb46F fusion 

protein. 

M= SEQ ID NO:79 is the nucleic acid sequence of the Mtb71F (DPV-MTI-MSL- 

p 20 MTCC#2) fusion protein. 

u SEQ ID NO: 80 is the predicted amino acid sequence of the Mtb71F fusion 

protein. 

SEQ ID NO:81 is the nucleic acid sequence of the Mtb31F (DPV-MTI-MSL) 

fusion protein. 

25 SEQ ID NO:82 is the predicted amino acid sequence of the Mtb31F fusion 

protein. 

SEQ ID NO:83 is the nucleic acid sequence of the Mtb61F (TbH9-DPV-MTI) 

fusion protein. 

SEQ ID NO:84 is the predicted amino acid sequence of the Mtb61F fusion 

30 protein. 

SEQ ID NO:85 is the nucleic acid sequence of the Ral2-DPPD (Mtb24F) 

fusion protein. 

SEQ ED NO:86 is the predicted amino acid sequence of the Ral2-DPPD 

fusion protein. 



SEQ ID NO:87 is the nucleic acid sequence of the Mtb72F (TbRal2-TbH9- 
TbRa35) fusion protein. 

SEQ ED NO:88 is the predicted amino acid sequence of the Mtb72F fusion 

protein. 

SEQ ID NO:89 is the nucleic acid sequence of the Mtb59F (TbH9-TbRa35) 

fusion protein. 

SEQ ID NO:90 is the predicted amino acid sequence of the Mtb59F fusion 

protein. 

SEQ ID NO:91 is the nucleic acid sequence of a vector encoding TbF14. 

SEQ ID NO:92 is the nucleotide sequence of the region spanning nucleotides 
5072 to 5095 of SEQ ID NO:91 encoding the eight amino acid His tag. 

SEQ ID NO:93 is the nucleic acid sequence of a vector encoding TbF15. 

SEQ ID NO:94-123 are the nucleic acid sequences of 30 overlapping peptides 
of HTCC#1 used for the T-cell epitope mapping. 

SEQ ID NO: 124- 153 are the predicted amino acid sequences of 30 
overlapping peptides of HTCC#1 used for the T-cell epitope mapping. 

DETAILED DESCRIPTION OF THE INVENTION 

I. INTRODUCTION 

The present invention relates to compositions comprising antigen 
compositions and fusion polypeptides useful for the diagnosis and treatment of 
Mycobacterium infection, polynucleotides encoding such antigens, and methods for their use. 
The antigens of the present invention are polypeptides or fusion polypeptides of 
Mycobacterium antigens and immunogenic fragments thereof More specifically, the 
compositions of the present invention comprise at least two heterologous polypeptides of a 
Mycobacterium species of the tuberculosis complex, e.g., a species such as M. tuberculosis, 
M. bovis, or M. africanum, or a Mycobacterium species that is environmental or opportunistic 
and that causes opportunistic infections such as lung infections in immune compromised 
hosts (e.g., patients with AIDS), e.g., BCG, M. avium, M. intracellular , M. celatum, M. 
genavense, M. haemophilum, M. kansasii, M. simiae, M. vaccae, M. fortuitum, and M. 
scrofulaceum (see, e.g., Harrison s Principles of Internal Medicine, volume 1, pp. 1004-1014 
and 1019-1023 (14 th ed., Fauci et aL, eds., 1998). The inventors of the present application 
surprisingly discovered that compositions and fusion proteins comprising at least two 
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heterologous Mycobacterium antigens, or immunogenic fragments thereof, where highly 
antigenic. These compositions, fusion polypeptides, and the nucleic acids that encode them 
are therefore useful for eliciting protective response in patients, and for diagnostic 
applications. 

The antigens of the present invention may further comprise other components 
designed to enhance the antigenicity of the antigens or to improve these antigens in other 
aspects, for example, the isolation of these antigens through addition of a stretch of histidine 
residues at one end of the antigen. The compositions, fusion polypeptides, and nucleic acids 
of the invention can comprise additional copies of antigens, or additional heterologous 
polypeptides from Mycobacterium species, such as, e.g., MTb81, Mo2, TbRa3, 38 kD (with 
the N-terminal cysteine residue), Tb38-1, FL TbH4, HTCC#1, TbH9, MTCC#2, MTI, MSL, 
TbRa35, DPV, DPEP, Erdl4, TbRal2, DPPD, MTb82, MTb59, ESAT-6, MTB85 complex, 
or a-crystalline. Such fusion polypeptides are also referred to as polyproteins. The 
compositions, fusion polypeptides, and nucleic acids of the invention can also comprise 
additional polypeptides from other sources. For example, the compositions and fusion 
proteins of the invention can include polypeptides or nucleic acids encoding polypeptides, 
wherein the polypeptide enhances expression of the antigen, e.g., NS1, an influenza virus 
protein, or an immunogenic portion thereof (.see, e.g., WO99/40188 and WO93/04175). The 
nucleic acids of the invention can be engineered based on codon preference in a species of 
choice, e.g., humans. 

The compositions of the invention can be naked DNA, or the compositions, 
e.g., polypeptides, can also comprise adjuvants such as, for example, AS2, AS2', AS2", 
AS4, AS6, ENHANZYN (Detox), MPL, QS21, CWS, TDM, AGPs, CPG, Leif, saponin, and 
saponin mimetics, and derivatives thereof. 

In one aspect, the compositions and fusion proteins of the invention are 
composed of at least two antigens selected from the group consisting of an MTb81 antigen or 
an immunogenic fragment thereof from a Mycobacterium species of the tuberculosis 
complex, and an Mo2 antigen or an immunogenic fragment thereof from a Mycobacterium 
species of the tuberculosis complex. In one embodiment, the compositions of the invention 
comprise the TbF14 fusion protein. The complete nucleotide sequence encoding TbF14 is set 
forth in SEQ ID NO:51, and the amino acid sequence of TbF14 is set forth in SEQ ID NO:52. 

In another aspect, the compositions and fusion proteins of the invention are 
composed of at least four antigens selected from the group consisting of a TbRa3 antigen or 
an immunogenic fragment thereof from a. Mycobacterium species of the tuberculosis 



11 



complex, a 38 kD antigen or an immunogenic fragment thereof from a Mycobacterium 
species of the tuberculous complex, a Tb38-1 antigen or an immunogenic fragment thereof 
from a Mycobacterium species of the tuberculosis complex, and a FL TbH4 antigen or an 
immunogenic fragment thereof from a Mycobacterium species of the tuberculosis complex 
5 In one embodiment, the compositions of the invention comprise the TbF15 fusion protein 
The nucleic acid and amino acid sequences of TbF15 are set forth in SEQ ID NO:53 and 54, 
respectively. 

In another aspect, the compositions and fusion proteins of the invention are 
composed of at least two antigens selected from the group consisting of an HTCC#1 antigen 
10 or an immunogenic fragment thereof from a Mycobacterium species of the tuberculosis 
complex, and a TbH9 antigen or an immunogenic fragment thereof from a Mycobacterium 
species of the tuberculosis complex. In one embodiment, the compositions of the invention 
compnse the HTCC#l(FL)-TbH9(FL) fusion protein. The nucleic acid and amino acid 
sequences of HTCC#l-TbH9 are set forth in SEQ ID NO:55 and 56, respectively. In another 
5 embodiment, the compositions of the invention comprise the fusion protein HTCC#1(184 
392)/TbH9/HTCC#l(l-129). The nucleic acid and amino acid sequences of HTCC#1(184 
392)/TbH9/HTCC#l(l-129) are set forth in SEQ ID NO:57 and 58, respectively. In yet 
another embodiment, the compositions of the invention comprise the fusion protein 
HTCC#l(l-149)/TbH9/HTCC#l(161-392), having the nucleic acid and amino acid 
3 sequences set forth in SEQ ID NO:59 and 60, respectively. In still another embodiment, the 
compositions of the invention comprise the fusion protein HTCC#1(184- 
392)/TbH9/HTCC#l(l-200), having the nucleic acid and amino acid sequences set forth in 
SEQ ID NO:61 and 62, respectively. 

In a different aspect, the compositions and fusion proteins of the invention are 
composed of at least two antigens selected from the group consisting of an HTCC#1 antigen 
or an immunogenic fragment thereof from a Mycobacterium species of the tuberculosis 
complex, and a TbRal2 antigen or an immunogenic fragment thereof from a Mycobacterium 
species of the tuberculosis complex. In one embodiment, the compositions of the invention 
compnse the fusion protein TbRal2-HTCC#l . The nucleic acid and amino acid sequences of 
the TbRal2-HTCC#l fusion protein are set forth in SEQ ID NO:63 and 64, respectively. 

In yet another aspect, the compositions and fusion proteins of the invention are 
composed of at least two antigens selected from the group consisting of a TbH9 (MTB39) 
antigen or an immunogenic fragment thereof from a Mycobacterium species of the 
tuberculosis complex, and a TbRa35 (MTB32A) antigen or an immunogenic fragment thereof 
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I :r; r he inven,ion compnse ^ Mtb?2F **» — — - ^ 

and am.no ac.d sequences se, forth in SEQ ID NO:87 and 88, respectively. THe Mtb72F 

owrrrr ,s a,so disciosed in ,he us - patem NoS ' - 

09/223,040; and m the PCT/US99/077 17 application. 
3 '"^'another aspect, the compositions and ftrsion proteins of the invention 

^ Tb38 " 1 ™4, HTCC*, (Mtb40), TbH9, MTCC#2 (M,b4„ DPEP 

DPPD, Th R a35, TbRa.2, MTb59, MTo82, Erd,4 <M,M6>, FL Tb Ra 35 ( M,b32A o V 
M,b8.4, MSL (M,b9,), MX, <M,b,9 A , also fcnown as M TI - A) , ESAT . 6 , _ 
85 comp,ex, or an immunogenic fragment thereof from .Mycobacterium species of the 
tuberculosis complex. 

In another aspect, the ftsion proteins of the invention are- 

NO-65 fDMAi 'Tf" 38 kD " Tb38 "' <TbFX ° f " <*<*>■«• - SEQ ID 

I U2 0 S/T, 8 , ? ^ N ° :66 <Protem) ' ^ W " - fa ^ U S ' ™» ^ 
08/8,8,1 ,2, 08/818,,,!; and 09/056,556; and in the WG98/I6646 and W098/!6645 

applications; 
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m ^-SSkD-TOS-l-DPEP (TbF2), the sequence of which is disclosed in 

OS™* 7 ^ " 4 m N ° :68 « "* in te US ' No, 
08/942,578; 08/942,34,; 09/056,556; and in the WQ98/.6646 and W09 8/1 6645 appKcaiions- 

5 Sm m mo , ™ a3 - 38kD - Tb38 -'" reH4 (T-F6), ,he sequence of which is disclosed in ' 
5 SEQ ID NO:69 (DNA) and SEQ ID NO:70 (protein) in ,he U.S. paten, applicaiion Nos 
08/072,967; 09/072,596; and ,„ ,he PCT/US99/03268 and PCT/US99/03265 applicaions- 
38kD-Linker-DPEP (TbFS), «he sequence of which is disclosed in SEQ ID 
NO:7! (DNA) and SEQ ID NO :7 2 (proiein), and in ,„e U.S. paten, applicahon Nos 
09/072,967 and 09/072,596; as well as ,„ ,h= PCT/US99/03268 ar,d PCT/US99/03265 
10 applications; 

Erdl4-DPV-MTI (MTb36F), the sequence of which is disclosed in SEQ ID 
NO:73 (DNA), SEQ ID NO:74 (protein), as well as in the U.S. patent application Nos 
09/223,040 and No. 09/287,849; and in the PCT/US99/07717 application- 

Erdl4-DPV-MTI-MSL-MTCC#2 (MTb88f), the sequenced which is 
5 disclosed i„ SEQ ID NO:75 (cDNA) and SEQ ID NO:76 (protein), as well as in the U S 
patent application No. 09/287,849 and in the PCT/US99/07717 application- 

Erdl4-DPV-MTI-MSL (MTb46F), the sequence of which is'disclosed in SEQ 
D NO:77 (cDNA) and SEQ ID NO:78 (protein), and in the U.S. patent application No 
09/287,849 and in the PCT/US99/07717 application; 
> DPV-MTI-MSL-MTCC#2 (MTb71F), the sequence of which is disclosed in 

SEQ ID NO:79 (cDNA) and SEQ ID NO:80 (protein), as well as in the U.S. patent 
application No. 09/287,849 and in the PCT/US99/07717 application; 

DPV-MTI-MSL (MTb31F), the sequence of which is disclosed in SEQ ID 
NO:81 (cDNA) and SEQ ID NO:82 (protein), and in the U.S. patent apphcation No 
09/287,849 and in the PCT/US99/07717 application; 

TbH9-DPV-MTI (MTb61F), the sequence of which is disclosed in SEQ ID 
NO:83 (cDNA) and SEQ ID NO:84 (protein) (see, also, U.S. patent application No 
09/287,849 and PCT/US99/0771 7 application); 

Ral2-DPPD (MTb24F), the sequence of which is disclosed in SEQ ID NQ85 
(cDNA) and SEQ ID NO:86 (protein), as well as in the U.S. patent application No 
09/287,849 and in the PCT/US99/077 17 application. 

In the nomenclature of the application, TbRa35 refers to the N-terminus of 
MTB32A (TbRa35FL), comprising at least about the first 205 amino acids of MTB32A from 
M. tuberculosis, or the corresponding region from another Mycobacterium species TbRal2 
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re fere to the C-terminus of MTB32A miRa-iscr • • 

ui bjza ( i DKa35FL), comprising at least about the last 132 

amino acids frora MTB32A from Af. .utercu^, or th e companding regl „„ iron, another 

Mycobacterium species. 

The following provides sequences of some individual antigens used in the 
5 compositions and fusion proteins of the invention: 

Mtb81, the sequence of which is disclosed in SEQ ID NO:l (DNA) and SEQ 
ID NO:2 (predicted amino acid). 

Mo2, the sequence of which is disclosed in SEQ ID NO:3 (DNA) and SEQ ID 
NO:4 (predicted amino acid). 

!0 Tb38-1 or 38-1 (MTbll), the sequence of which is disclosed in SEQ ID N09 

(DN^andSEQmNO^OtpredictedaminoacidXandisalsodisclosedintheUS patent " 
application No, 09/072,96; 08/523,436; 08/523,435; 08/818,1 12; and 08/818,1 1 1; and in the 
WO97/09428 and WO97/09429 applications; 

TbRa3, the sequence of which is disclosed in SEQ ID NO:5 (DNA) and SEQ 
5 ID NO:6 (predicted amino acid sequence) {see, also, WO 97/09428 and WO97/09429 
applications); 

38 kD, the sequence of which is disclosed in SEQ ID NO:7 (DNA) and SEQ 
ID NO:8 (predicted amino acid sequence), as well as in the U.S. patent application No 
09/072,967. 38 kD has two alternative forms, with and without the N-terminal cysteine 

3 residue; 

DPEP, the sequence of which is disclosed in SEQ ID NO:39 (DNA) and SEQ 
ID NO:40 (predicted amino acid sequence), and in the WO97/09428 and WO97/09429 
publications; 

TbH4, the sequence of which is disclosed as SEQ ID NO: 1 1 (DNA) and SEQ 
ID NO:12 (predicted amino acid sequence) {see, also, WO97/09428 and WO97/09429 
publications); 

Erdl4 (Mn,16), the cDNA and amino acids sequences of which are disclosed 
■n SEQ ID NO:41 (DNA) and 42 (predicted amino acid), and in Verbon e, „,.. J. BaclerMogy 
174:1352-1359(1992); 

DPPD, the sequence of which is disclosed in SEQ ID NO:43 (DNA) and SEQ 
ID NO:44 (predicted amino acid sequence), and in the PCT/US99/03268 and 
PCT/US99/03265 applications. The secreted form of DPPD is shown herein in Figure 12- 
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MTb82 (MTb867), the sequence of which is disclosed in SEQ ID NO:47 
(DNA) and SEQ ID NO:48 (predicted amino acid sequence), and in Figures 8 (DNA) and 9 
(amino acid); 

MTb59 (MTb403) , the sequence of which is disclosed in SEQ ID NO:49 
(DNA) and SEQ ID NO:50 (predicted amino acid sequence), and in Figures 10 (DNA) and 
1 1 (amino acid); 

TbRa35 FL (MTB32A), the sequence of which is disclosed as SEQ ID NO:29 
(cDNA) and SEQ ID NO:30 (protein), and in the U.S. patent application Nos. 08/523,436, 
08/523,435; 08/658,800; 08/659,683; 08/818,1 12; 09/056,556; and 08/818,1 1 1; as well asm 
the WO97/09428 and WO97/09429 applications; see also Skeiky et al, Infection and 
Immunity 67:3998-4007 (1999); 

TbRal2, the C-terminus of MTB32A (TbRa35FL), comprising at least about 
the last 132 amino acids from MTB32A from M. tuberculosis, the sequence of which is 
disclosed as SEQ ID NO:27 (DNA) and SEQ ID NO:28 (predicted amino acid sequence) 
{see, also, U.S. patent application No. 09/072,967; and WO97/09428 and WO97/09429 
publications); 

TbRa35, the N-terminus of MTB32A (TbRa35FL), comprising at least about 
the first 205 amino acids of MTB32A from M. tuberculosis, the nucleotide and amino acid 
sequence of which is disclosed in Figure 4; 

TbH9 (MTB39), the sequence of which is disclosed in SEQ ID NO:25 (cDNA 
full length) and SEQ ID NO:26 (protein full length), as well as in the U.S. patent application 
Nos. 08/658,800; 08/659,683; 08/818,1 12; 08/818,1 1 1; and 09/056,559; and in the 
WO97/09428 and WO97/09429 applications. 

HTCC#1 (MTB40), the sequence of which is disclosed in SEQ ID NO: 13 
(DNA) and SEQ ID NO: 14 (amino acid), as well as in the U.S. patent application Nos. 
09/073,010; and 09/073,009; and in the PCT/US98/10407 and PCT/US98/10514 
applications; 

MTCC#2 (MTB41), the sequence of which is disclosed in SEQ ID NO:31 
(DNA) and SEQ ID NO:32 (amino acid), as well as in the U.S. patent application Nos. 
09/073,010; and 09/073,009; and in the WO98/53075 and WO98/53076 publications; 

MTI (Mtb9.9A), the sequence of which is disclosed in SEQ ID NO:33 (DNA) 
and SEQ ID NO:34 (amino acid), as well as in the U.S. patent application Nos. 09/073,010; 
and 09/073,009; and in the WO98/53075 and WO98/53076 publications; 



16 



MSL (Mtb9.8), the sequence of which is disclosed in SEQ ID NO:35 (DNA) 
and SEQ ID NO:36 (amino acid), as well as in the U.S. patent application Nos. 09/073,010; 
and 09/073,009; and in the WO98/53075 and WO98/53076 publications; 

DPV (Mtb8.4), the sequence of which is disclosed in SEQ ED NO:37 (DNA) 
and SEQ ID NO:38 (amino acid), and in the U.S. patent application Nos. 08/658,800; 
08/659,683; 08/818,1 1 1; 08/818,1 12; as well as in the WO97/09428 and WO97/09429 
publications; 

ESAT-6 (Mtb8.4), the sequence of which is disclosed in SEQ ID NO:45 
(DNA) and SEQ ID NO:46 (amino acid), and in the U.S. patent application Nos. 08/658,800; 
08/659,683; 08/818,1 1 1; 08/818,1 12; as well as in the WO97/09428 and WO97/09429 
publications; 

The following provides sequences of some additional antigens used in the 
compositions and fusion proteins of the invention: 

a-crystalline antigen, the sequence of which is disclosed in Verbon et aL, J. 
Bact. 174:1352-1359(1992); 

85 complex antigen, the sequence of which is disclosed in Content et aL, 
Infect. & Immunol 59:3205-3212 (1991). 

Each of the above sequences is also disclosed in Cole et aL Nature 393:537 
(1998) and can be found at, e.g., http://www.sanger.ac.uk and http:/www.pasteur.fr/mycdb/. 

The above sequences are disclosed in U.S. patent applications Nos. 
08/523,435; 08/523,436; 08/658,800; 08/659,683; 08/818,111; 08/818,112; 08/942,341; 
08/942,578; 08/858,998; 08/859,381; 09/056,556; 09/072,596; 09/072,967; 09/073,009; 
09/073,010; 09/223,040; 09/287,849; and in PCT patent applications PCT/US99/03265, 
PCT/US99/03268; PCT/US99/07717; WO97/09428; WO97/09429; W098/16645; 
W098/16646; WO98/53075; and WO98/53076, each of which is herein incorporated by 
reference. 

The antigens described herein include polymorphic variants and 
conservatively modified variations, as well as inter-strain and interspecies Mycobacterium 
homologs. In addition, the antigens described herein include subsequences or truncated 
sequences. The fusion proteins may also contain additional polypeptides, optionally 
heterologous peptides from Mycobacterium or other sources. These antigens may be 
modified, for example, by adding linker peptide sequences as described below. These linker 
peptides may be inserted between one or more polypeptides which make up each of the 
fusion proteins. 
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H. DEFINITIONS 

"Fusion polypeptide" or "fusion protein" refers to a protein having at least two 
heterologous Mycobacterium sp. polypeptides covalently linked, either directly or via an 
amino acid linker. The polypeptides forming the fusion protein are typically linked C- 
terminus to N-terminus, although they can also be linked C-terminus to C-terminus, N- 
terminus to N-terminus, or N-terminus to C-terminus. The polypeptides of the fusion protein 
can be in any order. This term also refers to conservatively modified variants, polymorphic 
variants, alleles, mutants, subsequences, and interspecies homologs of the antigens that make 
up the fusion protein. Mycobacterium tuberculosis antigens are described in Cole et al. 
Nature 393:537 (1 998), which discloses the entire Mycobacterium tuberculosis genome. The 
complete sequence of Mycobacterium tuberculosis can also be found at 

http://www.sanger.ac.uk and at http://www.pasteur.fr/mycdb/ (MycDB). Antigens from other 
Mycobacterium species that correspond to M. tuberculosis antigens can be identified, e.g., 
using sequence comparison algorithms, as described herein, or other methods known to those 
of skill in the art, e.g., hybridization assays and antibody binding assays. 

The term "TbF14" refers to a fusion protein having at least two antigenic, 
heterologous polypeptides from Mycobacterium fused together. The two peptides are 
referred to as MTb81 and Mo2. This term also refers to a fiision protein having 
polymorphic variants, alleles, mutants, fragments, and interspecies homologs of MTb81 
and Mo2. A nucleic acid encoding TbF14 specifically hybridizes under highly stringent 
hybridization conditions to SEQ ID NO:l and 3, which individually encode the MTb81 and 
Mo2 antigens, respectively, and alleles, polymorphic variants, interspecies homologs, 
subsequences, and conservatively modified variants thereof. A TbF14 fusion polypeptide 
specifically binds to antibodies raised against MTb81 and Mo2, and alleles, polymorphic 
variants, interspecies homologs, subsequences, and conservatively modified variants thereof 
(optionally including an amino acid linker). The antibodies are polyclonal or monoclonal. 
Optionally, the TbF14 fusion polypeptide specifically binds to antibodies raised against the 
fusion junction of MTb81 and Mo2, which antibodies do not bind to MTb81 or Mo2 
individually, i.e., when they are not part of a fusion protein. The individual polypeptides 
of the fusion protein can be in any order. In some embodiments, the individual 
polypeptides are in order (N- to C- terminus) from large to small. Large antigens are 
approximately 30 to 150 kD in size, medium antigens are approximately 10 to 30 kD in 
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size, and small antigens are approximately less than 10 kD in size. The sequence encoding 
the individual polypeptide may be, e.g., a fragment such as an individual CTL epitope 
encoding about 8 to 9 amino acids. The fragment may also include multiple epitopes. The 
fragment may also represent a larger part of the antigen sequence, e.g. , about 50% or more 
of MTb81 and Mo2. 

TbF14 optionally comprises additional polypeptides, optionally heterologous 
polypeptides, fused to MTb81 and Mo2, optionally derived from Mycobacterium as well as 
other sources, such as viral, bacterial, eukaryotic, invertebrate, vertebrate, and mammalian 
sources. As described herein, the fusion protein can also be linked to other molecules, 
including additional polypeptides. 

The term "TbF15" refers to a fusion protein having at least four antigenic, 
heterologous polypeptides from Mycobacterium fused together. The four peptides are 
referred to as TbRa3, 38 kD, Tb38-1 (with the N-terminal cysteine), and FL TbH4. This 
term also refers to a fusion protein having polymorphic variants, alleles, mutants, and 
interspecies homologs of TbRa3, 38 kD, Tb38-1, and FL TbH4. A nucleic acid encoding 
TbF15 specifically hybridizes under highly stringent hybridization conditions to SEQ ID 
NO:5, 7, 9 and 11, individually encoding TbRa3, 38 kD, Tb38-1 and FL TbH4, 
respectively, and alleles, fragments, polymorphic variants, interspecies homologs, 
subsequences, and conservatively modified variants thereof. A TbF15 fusion polypeptide 
specifically binds to antibodies raised against TbRa3, 38 kD, Tb38-1, and FL TbH4 and 
alleles, polymorphic variants, interspecies homologs, subsequences, and conservatively 
modified variants thereof (optionally including an amino acid linker). The antibodies are 
polyclonal or monoclonal. Optionally, the TbF15 fusion polypeptide specifically binds to 
antibodies raised against the fusion junction of TbRa3, 38 kD, Tb38-1, and FL TbH4, which 
antibodies do not bind to TbRa3, 38 kD, Tb38-1, and FL TbH4 individually, i.e., when they 
are not part of a fusion protein. The polypeptides of the fusion protein can be in any order. 
In some embodiments, the individual polypeptides are in order (N- to C- terminus) from 
large to small. Large antigens are approximately 30 to 150 kD in size, medium antigens 
are approximately 10 to 30 kD in size, and small antigens are approximately less than 10 
kD in size. The sequence encoding the individual polypeptide may be as small as, e.g. , a 
fragment such as an individual CTL epitope encoding about 8 to 9 amino acids. The 
fragment may also include multiple epitopes. The fragment may also represent a larger 
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par, of the anrigen sequence, ..... abou, x% or more Qf ^ 3g ^ Tb38-1, and FL 

1 Dri4. 



WIS opconally comprises additional polypeptides, optionally heterologous 
polypeptides, fused to TbRa3, 38 kD, Tb38-1, and FL TbH4, optionally derived from 
Mycobacterium as well as other sources such as viral, bacteria,, eukaryo.ic, invertebrate 
vertebrate, and mamtnaliao sources. As described herein, the fusion protein can also be' 
linked ,„ other mo ,ecu.es, including additional polypepudes. The compositions of the 
~ can also addWo „ a] polypeptjdes ta m murikei (o 

the uivenfon. These addihona, po,ypep,ide s may be heterologous or homologous 

10 polypeptides. 

The "HTCC#l(FL)-TbH9(FL)," ••HTCC#l(, 8 4-392)/rbH9/HTCC#.(l- 
129),"«HTCC#l(l.,49)/TbH9/HTCC#l(161.392),»and"HTCC#l(184- 
39 2 >™„9/„TCC S1( ,- 2 oo r fttsion proteins refer to fusion proteins comprising a, leas, two 
a„, lg e„,c, he,ero,og„us po, yP ep,ides from Mycobacteria fused .ogaher. The ,wo pepfides 
are referred ,o as HTCC*, and TbH9. This .erm also refers ,o fusion pro,eins having 
polymorphic varia„,s, alleles, mutant, and i„,erspecies homo.ogs of HTCC # 1 and TbH9 
A nucleic acid encoding HTCC#l-TbH9, HTCC#l(184-392)/TbH9/HTCC#l(I-129) 

HTC«l(l.,49)/TbH9/HTCC#,(161-392),orHTCC#, ( 184.392VTbH9/HTCC#.(l-200) 
specifically hybridizes under highly stringent hybridization conditions to SEQ ID NO 13 

0 and 25, individually encoding HTCOI and TbH9, respectively, and alleles, fragments 
polymorphic variants, interspecies homologs, subsequences, and conservatively modified 
variants thereof. A HTCC#l(FL)-TbH9(FL), HTCC#.(184.392,/TbH9/HTCC#,(,-,29, 
H^10-l«yiM»«Ioc», (16W92)i or HTCO,(,84-392)/TbH9«TCC« (1 -2 00, 
toion polypeptide specifically binds ,o antibodies raised agains, HTCC#1 and TbH9 and 

■ alleles, po lym orphic variants, interspecies homologs, subsequences, and conservatively 
modified varian,s thereof (optional.y including an amino acid linker). The antibodies are 
polyclonal „, monoclonal. Optionally, me HTCC#l(FL)-TbH9(FL> HTCC#1084 

392 W H9/„TCC#l(,-,29),HTCC«(,-,49,/TbH9/„TC«, ( ,ol.392),orH T CC#l ( ,84 
392yTb„9 OT CC«(,.20„) fitsion polypeptide specifically binds to Jibodies rZ 
agams. the fus,„„ junction of the which ^ ^ ^ ^ ^ 

.nd,v,dua„y, ,,, whe „ they are no, part of a fusion pro.ein. The polypepfides of U,e fusion 
protem can be i„ any order. ,n some embodiment, ,he individual polyposes are in order 
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(N- to C- terminus) from large to small. Large antigens are approximately 30 to 150 kD in 
size, medium antigens are approximately 10 to 30 kD in size, and small antigens are 
approximately less than 10 kD in size. The sequence encoding the individual polypeptide 
may be as small as, e.g. , a fragment such as an individual CTL epitope encoding about 8 to 
: 9 amino acids. The fragment may also include multiple epitopes. The fragment may also 
represent a larger part of the antigen sequence, e.g., about 50% or more {e.g., full-length) 
of HTCC#1 and TbH9. 

HTCC#l(FL)-TbH9(FL), HTCC#l(184-392)/TbH9/HTCC#l(l-129), 

HTCC#l(l-149)/TbH9/HTCC#l(161-392),andHTCC#l(184-392)/TbH9/HTCC#l(l-200) 
optionally comprise additional polypeptides, optionally heterologous polypeptides, fused to 
HTCC#1 and TbH9, optionally derived from Mycobacterium as well as other sources such 
as viral, bacterial, eukaryotic, invertebrate, vertebrate, and mammalian sources. As 
described herein, the fusion protein can also be linked to other molecules, including 
additional polypeptides. The compositions of the invention can also comprise additional 
polypeptides that are unlinked to the fusion proteins of the invention. These additional 
polypeptides may be heterologous or homologous polypeptides. 

The term «TbRal2-HTCC#l" refers to a fusion protein having at least two 
antigenic, heterologous polypeptides from Mycobacterium fused together. The two peptides 
are referred to as TbRal2 and HTCC#1 . This term also refers to a fusion protein having 
polymorphic variants, alleles, mutants, and interspecies homologs of TbRal2 andHTCC#l. 
A nucleic acid encoding «TbRal2-HTCC#l" specifically hybridizes under highly stringent 
hybridization conditions to SEQ ID NO:27 and 13, individually encoding TbRal2 and 
HTCC#1, respectively, and alleles, fragments, polymorphic variants, interspecies 
homologs, subsequences, and conservatively modified variants thereof. A "TbRal2- 
HTCC#1" fusion polypeptide specifically binds to antibodies raised against TbRal2 and 
HTCC#1 and alleles, polymorphic variants, interspecies homologs, subsequences, and 
conservatively modified variants thereof (optionally including an amino acid linker). The 
antibodies are polyclonal or monoclonal. Optionally, the "TbRal2-HTCC#l" fusion 
polypeptide specifically binds to antibodies raised against the fusion junction of TbRal2 and 
HTCC#1, which antibodies do not bind to TbRal2 and HTCC#1 individually, i.e., when 
they are not part of a fusion protein. The polypeptides of the fusion protein can be in any 
order. In some embodiments, the individual polypeptides are in order (N- to C- terminus) 
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from large ,„ sma„. Large antigens are approximate* 30 ,o ,50 kD in size, medium 
antigens are approximately .0 ,„ 30 kB in size, and smal, antigens are approximate* .ess 
■nan ,0 kD in size. The seance encoding me individua, po, y pe P ,ide may be as sma„ as 

, a fragment such as an individua, CTL epitope encoding abou, 8 Co 9 amino acids The 
fragmen, may also inCude multiple epitopes. The fragmen, may also represen, a larger 
pan of the antigen sequence, e.g., about 50% or more of TbRal2 and HTCCffl. 

"TbRa.2-HTCC#l- optionally comprises addition! polypeptides, optionally 
heterologous polypeptides, fused to TbRal2 and HTCC#1 , optionally derived from 
Mycotoaertun, as we,, as Cher sources such as viral, bacterial, eukaryotic, invertebrate 
vertebrate, and mammalian sources. As described herein, me fusion protein can also be' 
imked to other molecules, including additional polypeptides. The compositions of the 
mvention can also comprise additiona, polypeptides tha, are unlinked to the fusion proteins „f 
the mvention. These additional polypeptides may be hetero,o S ous or homologous 
polypeptides. 

The term "MuTOF" and »Mtb59F" refer to fusion proteins of the invention 

S^ZnT, S<n " gent C °" diti0nS 10 ** ' eaS1 t "° " UC,e0,i<te «*™- - *■* ™ 

' D NO ' 25 a " d 29 ' tadividual| y ^°"tag the TbH9 (MTB39) and Ra35 (MTB32A) 
antigens. The polynucleotide sequences encoding the individual antigens of the fusion 
polypeptides therefore include conservatively modtfed variants, polymorphic variants 
alleles, mutants, subsequences, and interspecies homologs of TbH9 (MTB39) and Ra35 
(MTB32A). The polynucleotide sequence encoding the individual polypeptides of the fusion 
pro ,e,„s can be in any order. „ some embodtments, the individual polypeptides are in order 

'° C_ ,em,mUS) *° m <° s ™»- Large antigens are approximately 30 to 150 kD in 
s.ze, medtum antigens are approximately 10 to 30 kD in size, and small antigens are 
approximately ,ess than 10 kD in srze. The sequence encodmg me individua, poiypeptide 
may be as smal, as, e. g ., a fragmen, such as an individua, CTL epitope encoding abou. 8 to 9 
ammoacds. The fragmen, may also include mu„ip,e epitopes. The fragmen, may also 
represen, a targer par, of ft. antigen sequence, «,., abou, 50% or more of TbH9 (MTB39, 
and Ra35 (MTB32A), e. g ., ,he N- and C-termina, portions of Ra35 (MTB32A) 

An «M,b72F» or »M,b59F» fusion po.ypeptide of me invemion speeif,cal,y 
bmds ,o antibodies raised agains, a, ,eas, two anttgen p „,ypep tides , wherein each 
polypeptide is se.ected from the group consisting of TbH9 (MTB39) and Ra35 (MTB32A) 
The antibodies can be polyclonal or monoclonal. Optionally, ,he fusion poiypeptide 
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specificallybindstoantibodiesraisedaeainQtth.fi ■ • 

o t -u a- c s raised against the fusion junction of the antigens which 

protetn. The taon ^ m - 

^rrri homo ' osous ^ *° «» - - - — .r: 

a«. S «, The addmona, polypeptides of ,he fcsior, p rotei „ are optionaIly ^ ^ 

™ebra*, ormammaiian sources . T „ e ind|vjduaI poiypepUdes ^ ^ 

» -y e,*,. As described ferein, te «o„ protein can also be ^ ^ " J ^ 

^ polypeptide , T.e coraposltions of , he inveMjon ^ - 

polypeptides tba, a, unIinke d t0 tt e ftsion proteins of fte ^ 
add,„o„a, poiypeptides may be heterologous or homoiogous poiypepttdes 

hvbnd- j A P ° ,ynUC,e0,ide <°™P™" 8 a taion pro,™ of the invention 

^nd, zes md condMons , o a( |rast ^ nudeoMe 

DPPD, ESAT.6, MTb82, MTb 5 9, Mtb85 compIex , md 

eouences ending the ,„ dividua , ^ „ f , he ^ ^ .^J^ 

™,ve, y tnodified variant po, ymorphic varianB , a „ e , es * 
unerspectes homoiogs of M,b 81 , Mo2, ToRa3, 38 kD, Tb38-,, rbH4 HTCC*, ™T 

rr M ir su TbRa3s - dpv ' dpep ' &d * ™- — 

™». m* 5 compie*. and a-c^tai.ine. The poiynncieotide science ending th 
^ °' - fcsion pr0 te ia can be in any „ rd e, In some embod L B 

****** po.ypep.ide, are i„ order (N- to C- terming from , arge t0 smaI , ' 

" aPPr ; XUnate,y 30 10 ^ " ^ - to 

» m stze, an d smaii antigens are approximate* iess than ,0 u, in size . Th e ' 
e^ng . MvMua , po , ypeptjde My ^ as sman ^ a ~ 

~, C TL epitope encoding aeon, 8 ,o 9 am™ acids. The fragment may aiso i„c lud e 

^.,about 5 0%„r m „re„f M ,b 8 ,,Mo2,rb R a3,3 8k D,Tb38- 1 ,TbH4 HTCCm TbH9 
Mlb5y, Mtb85 complex, and a-crystalline. 
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agains, a, ,= , 1 " inVe "' i0n SPeCifiCa " y W " dS 10 «**>*• ■*«■ 

n poiypep,ides - wherein each - *» 

*e group co„s,s.n,g of M.bSl, Mo2, TbRa3, 38 kD, Tb38-1, TbH4 HTCC#1 TbH9 
MTCC* 2 , MT,, MSL, ToRa35, DPV, DPEP, Erdl4> TbRa, 2 , DPPD ^ m™ 2 

^ Z ;! ' on polypep,ide specifica " y bmds ,o - fitafa — «- - — 

JU »c.,on of «,e anngens, which antibodies do „„, bind lo „. ^ indi , , 

whe» *ey are „o, par, of a fusion proKta . The ^ ^ — 

- ,,o„a po,y P e P ,ides, , „«, four flye sjx M _ P 

0 ^ypep,. es, optionally heterologous peptides or „ homologous polypeptides 

baoena!, v.ral, or utvertebrate, vertebrate, or mammalian source, The individua, 
Peptides of the fusion P ro,ein can he in any order. As described herein, the fusion 
pro.cn can ^ be linM t0 other ^ ^ 

ZT" " T mi °" a ' SO ^ - « « ,o 

*. fu ,on protems of the inversion. These additional P „, ype p t ides may be heterologous or 
homologous polypeptides. 

The ,erm -fused" refers .o the covajen, linkage between two p„ lyp ep t i des in . 

cTv 1 ! I™ " ^ 0P,i0M " y ' - non peptide 

covalent linkages known to those of skill in the art 

wnd,^^ 

an ep itoD e , ha , ^ ^ ," immUn0EeniC ftagma » T »«" .o a po.ypep.ide comprising 
an ep, t „ P e th a , „ recognl2ed by „ , ^ ? ^ ^ P ^ 

species tradition^, T^*" ^ ° f «" inCudes .hose 

spec.es tradmonally cons.dered as causing .he disease tuberculosis, as well as Mycobaceriun 
er,v,ronmen,a, and „p p0 r«u„,s,ic species .ha, cause tuberculosis an d lung disease tat! 

"** " — ***** - « (see, e. s .. H L sm 
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P^P^en.a.Me*^, volume , 

al, eds., 1998). ^ 4 ed > Fauci et 
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5 Retroviruses 8:1409-141 1 0 992)1 AH" ♦ ■ , *' ^ ^ ^ Hum 

con,a Wng taown nucJeotide ^ ^ ™ ~ nucierc ac,d s 

^.hetic, natundiy occurrinE J* d,fied baCkb °" e reSWu = S « "■"■»» which are 

' and complementary sequences as well a, * ^ ' degenerate C ° d ° n -^stitutions) 

Position of one or more selected J " » ^ the ^ 

more selected (or all) codons ls substituted with mixed-base and/or 
deoxy.nos.ne residues (Batzer..,,^,^^ (1991)- Oh 1 

C*«i,. 260:2605-2608 H985V « r • X Uka " a/ ' ^ 

tem, n i ■ •„ ■ 1 Ce// - 8:91-98 (1994)) Th. 

term nuclei acd 1S used interchangeably with gene cDNA mRNA „r 
polynucleotide. ' A ' oll Sonucleotide, and 

,o refer J2 eP,ide '? eP ' ide " Md >roteta " ^ ^ * 

~ra„ y occ^ acw po|ym ^ ~™« — «" P*— and 

The ten. "amino acid" refers fo naturally occurring and s ™«,„- 
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•he nanaraiiy occurring mino ^ 

same basic chenucal stnicture as a naturally occurring amino acid / „ 

noH.cne, me,„ion,ne suboxide, m e, W oni„e methyl sulfonium . Such 

* Sro PS («*, norieucne, „ r m odi fi ed peptide backboMs ^ 8 

-Cure as a nafuraiiy occurri„ g amino acid . ^ ^ ^ ^ ^ 

^pounds mat have . „ ftat , differmt ft<jm ^ e„„ 

annuo acd, b ut ,ha, miKtions ,„ . m simi|ar to a Mtara||y occurtns ^ - 

Ann, acid, may be referred ,„ herein by ei,her ,heir commoniy known lhree 
**r symbois or by me o„,,e„er symbois „„ded by [he ^ 

"Con S erva.ively mod,fied variant" applies t0 both ^ 
acd seance,. W ith respec, ,o pariicuiar „ ucleic ^ *^ 
vanants refers ,o t „ose nucieic acids which encode idcn.ica, or essenciaiiy idon,," 

acd „ „ r „ here ^ nucleic ac „ does mt encode m ; -™ 

essen. lall y ,de„,ica, seouences. Because of ihe degeneracy of ,he S ene,,c code a £ 
number of fun^iy i de „ tical nucleic ^ ^ 

codons OCA, GCC, GCG and GCU a„ encode the amino acid aianine. Tnus a, ^ 
pos,,,o„ where an a,a„i„e is „ by a codon, t he codon can be ahered ro'any ofl 

27 7 ^ " S ' *" 0M ° f — y modified 

vanahons Every nucieic acid sequence here,n which encodes a poiypepiide a, S o descnbes 
every poss.bie siien, varia,ion of t he nucieic acid. One of ski,, wi„ rec 0gmz e ,ha, elco 1 

wh.cn , s ordinary ^ oniy codon for ^ phan) can be ^ „ yfeld , ^ 

.den„ca, moiecuie. According each siien, V ari a ,io„ of a nncieic acid which e d T a 
polypepnde ,s i mplicit in each CTCod « « 

subs.i. , ^ ami "° Seql,enCK ' °° e ° f SldU Wi " reM ^' ze *« Wividua, 
subsinunons demons or add,,ions ,„ a nucieic acid, pep.ide, po.ypep.ide, or pro.ein 

se^ence „h,ch a, t ers, adds or deie.es a s mg ,e amino acid or a smal, perc „ t a ge of Li„ 0 

acd, ,„ ,he encoded seonence is a • W^iveiy mooted variant where m l^T 
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results in ,„ e substitution Qf m ^ ^ wj|h a chem . ca|iy stajiar 

C°™^s,i,utio "^-^.iu^^^^^^ 

* -t Such conserve* modified variants „ ,„ addition |o ^ ^ ^ 
^ polymorph* variants, interspecies homo-logs, and alleles of the invention 

substi, , f ^ f0 " OWi " g ei81 " ^ "* C0Main ■" i00 aCids - — ative 
substitutions for one another: 

1 ) Alanine (A), Glycine (G); 

2) Aspartic acid (D), Glutamic acid (E); 

3) Asparagine (N), Glutamine (Q); 
1 0 4) Arginine (R), Lysine (K); 

5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); 

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W); 

7) Serine (S), Threonine (T); and 

8) Cysteine (C), Methionine (M) 
5 (see, e.g., Creighton, Proteins (1984)). 

The b. "heterologous" when used with reference to portions of a nucleic 
c d md.cates that the nucleic acid comprises two or more subseu.ences that arc not fold in 
*e same relationship to each other in nature. Per mstance, me nucletc acid is typically 
recombmantly produced, having two or more seaucnces from unrelated genes alged ,„ 
' ™* a new fcnetiona, nucleic acid, a promoter from one source and a coding r^ol 

Z2 TT' Simitoly ' ahetera, -" S ^ M --a.,hepro,eincom ri ses 
^ more subsequences that are no, found in the same relationship to each other i„ nature 

{e.g. , a fusion protein). 

The phrase "selectively (or specifically) hybridtzes ,o» refers ,„ the binding 
duplextng, or hybridizing of a molecu.e only to a particular nucleotide science under 
stnngen, ybridization conditions when tha, science is present in a com , ex mi ^ (e , 
total cellular or library DNA or RNA). mixture (eg., 

which k ^ ^ " S '™ Sem hybridiza,i °" -fers to conditions under 

wh, h a probe w„, hybridize to its target subseouence, typicaHy in a complex mixture of 

,o ;: other ^ - ^^Ji 

«U be dtfferen, ,„ dtffcren, circumstances. Linger sciences hybridize specify a, 
htghcr temperatures. An extensive guide to the hybridization of nucleic acids is found in 

Pro.es. Oven^ew of pnncples of hybridization and the strategy of nucleic acid assays" 
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thZ, ° e r" y ' ^ COndi ' i0m " *° * — ' ^ .ower than th e 

the temperature (under defined ionic streneth »H^, ,■ " 
of -I* probes commentary ,o the ,ar g X 0 rid T ** ^ 

5 *e targe, seances are prl, i! ^ T 7 ^V**" ^ * ( " 

about ,.o M sCiun, ion, typicaHy about 0 01 7o o^d ™ a,i0 " " *" *" 
-) ^ PH ,0 to ,3 and the tjperature is eZ 7^ ^ ° th " 

50 nuclides) and a, ieas, about 60-C f , . ( '*' 10,0 

.0 <«„„ , , ■ Cf ° rl0ngprobes < e -?-S«ater than 50 nucleotides) 

This occurs for ' ^ " * W " 

background Tho f P ° SltlVe h y bridizati °n is at least twice 

L ri:: cons,an ' r gion 8ene! ' - weu - *• — ^ 

tetramer Each^t """"^ ,mmUn0S,0bU,to (a " tib °^> ~l urn, comprises a 
avngone hgh, (about 25 kDa) and one "heavy, chain (about 50-70 icDa) TheN- 
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terminus of each chain deflnes , 

eavy cham (V H ) refer to these light and heavy chains respectively 

a dimerofFab which itself is a lirf,, r h ■ • ™ S h ' nge re S°n •» Produce F(aby ; , 

thereby converting the FfchV ,r g ^ ngC reglon ' 

■993). v 2 r reS, ° n ^ ' <™ ed., 3d ed. 

-Jdy one of" " ^ ^ temS ° f ^ «—» <*» ««« 

herein, also includes antihnHv fi- • antibody, as used 

5 antibod- T ^ Clther Pr ° dUCed by the Edification of whole 

348:552-554(1990)). McCafferty «?/o/., Mi/wre 

.» to „ c M b e F i:;r! on ; f or po ' yc,ona ' - *»» 

cw raera l 1985)) ' ' x ; le pp - 77 - 96 fa «-~*«'^*. w 

anybodies and £^£7^ ^ ^ teChn °' 08y « - » 

(,992)). ' m ' MarfcS 10.779-783 

The phrase "specifically (or selectively) binds" to an antihnH .. • 
(or sdectivejy) immunoreactive with - when referring " " 

population of proteins and other bio,o g ics 2 7 T '" 3 ^ 

«-e specified an, ibodies bind t0 , ' ' ' ^ —^y conditions, 

no, substantia,,, bir X ^fiT " ^ - "° 

y no ,n a sigmficant amount to other proteins present in the samnle <!„ -r 
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specficty f„ r a particular p rot ei„. For HMp „, polyclonal mtiboiies ^ ^ 
protetns can be selected ,o obtain only those poly c,o„al antibodies tha, are specifically 
■mmunoreactive with fusion protein and no, with i ndividual ^ of me ^ 
protems. This selection may be ^ a fcy ^ ^ 

.he md.vtdua, antigens. A variety of immunoassay formats may be used to select antibodtes 
specially immunoreactive with a particular protein. For example, solid-phase ELISA 
■mmunoassays are routinely use* ,„ se.ec, antibodies specifically immunoreactive with a 
protetn (see. «,. Harlow & Lane, A Mib o,ies, A Labora,ory Mar.ua, (1988), for a description 
of tmmunoassay formats and conditions that can be used to determine specific 
■mmunoreactivity). Typically a specific or selective reaction will be at .east twice 
background signal or noise and more Really more than 10,o 100 times background. 

Polynucleotides may comprise a native sequence (i.e., an endogenous 
sequence tha, encodes an individual antigen or a portion .hereof) or may comprise a variant 
of such a sequence. Polynucleotide variants may contain one or more substations 
addmons, deletions and/or insertions such ma, the biological activity of the encoded fusion 
polypeptide is no, diminished, relative ,„ a fusion polypeptide comprising native antigens 
Vanants preferably exhibit a, leas, about 70% identity, more preferably a, leas, abou, 8 0% 
,den„ty and mos, preferably a, leas, abou, 90-/. identity ,o a polynucleotide sequence tha, 
encodes a native polypeptide or a portion thereof. 

The terms "identical" or percent "identity," in the context of two or more 
nucletc acids or polypeptide sequences, refer to two or more sequences or subsequences tha, 
are the same or have a specified percentage of amino acid residues or nucleotides that are the 
same (,.e„ 70% identity, optionally 75%, 80%, 85%, 90%, or 95% identity over a specified 
regton), when compared and aligned for maximum correspondence over a comparison 
wmdow, or designate, region as measured using one of the following sequence comparison 
algorithms or by manual alignment and visual inspection. Such sequences are men satd ,o be 
substantially identical." This definition also refers ,o the complimen, of a ,es, sequence 
Optionally, the identity exists over a region tha, is a, leas, abou, 25 ,o abou, 50 amino acids 
or nucleotides in length, or optionally over a region tha, is 75- 100 amino acids or nucleotides 
jy) in length. 

For sequence comparison, typicaHy one sequence acts as a reference sequence 
to „h,ch tes, sequences are compared. When using a sequence comparison algorithm, tes, ' 
and reference sequences are en.ered in.o a compter, subsequence co„rdi„a,es are designated 
,f necessary, and sequence algorithm program parameters are designated. Default program ' 
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P«rscan beu ^, oraltemativeparameterscanbedesjg]iated ^ 

relative to the reference sequence, based on the program parameters. 

A "comparison window", as used herein, includes reference to a segment of 
-7° f -7---«iuousposi,io»sse,ec,ed fo m th egr„„ pcons i stin ^:: 5 

sequence may be compared to a reference sequence ofthe same number of contiguous 
posmons after the two sequences are o pt ima„ y aligned. Methods of aligmnen, of sequences 

0 Z T " """^ W - 0Ptima ' ° f ~* comparison 

0 can be conducted, , g „ by the , 0 ca, homology algorithm of Smith * Waterman A,l A Z 

^ -2^2 (1 9 8 |>, by the homology aiigrunen, algorithm of Meedleman * Wuns! L 

y^m. by the search for similarity method of Pearson ft Up », Proc ^ 

BESTFIT, FASTA, and TFASTA in me Wisconsin Genet.cs Software Package, Genetics 
■ Computer Group, 575 Science Dr., Madison, W„, or by manual aiignmen, and lisua, 
inspection (see , e . g „ Curre „, Pntmb ,„ ^ ^ 

supplement)). 

One example of a useful algorithm is PILEUP. PILEUP creates a multiple 
sequence ahgmnen, from a group of related sequences using progressive, pairw.se absents 
.show relat.or.hip and percent sequence identity, ft a ,so plots a tree or dendogmm sZin 

e clustenng re.at.onsh.ps used to create the aligrunen, PrLEUP _ . 
progress absent method of Feng ft Doolittle, J. Mol E ml . 3 5: 3 5 ,-3 o 0 (1,87, The 
method used is similar to the memod described by Higgins ft Shalp , CAB/os 
09 9). The program can align up to 300 sequences, each of a maximum lengd, „f 5 000 
nucleottdes or amino acids. The multiple aligmnen, procedure begins w,,h the pairwise 
a gnmen, of the ^ m „s, similar sequences, producing a Custer of rwo aligned sequences 

Two c us ers of sequences are aligned by a simple extension of the pairwise aligrune , of two 

ahgnments. The program ,s run by designating specific sequences and their amino acid or 
micleo de coordinates for regions of sequence comparison and by debating the program 
anametens. Usmg WLEUp , , ^ ^ ^ ^ ^ ^ ^ 

determme me percent sequence identity relationship using the following parameters- default 
weight (3.00), default gap length weishtmim m A e P ameters. default 

s v lengm weight (0.10), and weighted end gaps. PILEUP can be 
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obtained from fte GC0 sequenK software 

«/.. M,c. Acids Res. 12:387-395 (1984). d>*vereaux « 

Another example of algorithm that is suitable for determine 
seauenee identity and sequence similarly are me BLAST JlI^Ta T 
5 -"-"ft" » Altschu! e , a ,„ Acids Res. 25 . 3389 . 340 ^ 

(http,w. ncbl . nlm . nih ^ ^ ^ 

sequence patrs (HSPs) by idling short words „ £ f™' ^ h,gh 

-0 etther match or satisfy some positive-valued threshold loreTwheTal d^T'' ^ 
•he same length i„ a database sequence T is ref. „ . „ ^ "* * ° f 

5 Cumu,a«ive s« ^ I " "~ ~ "* ™ 

-re for a Z ZI < "'^ "~ "™ M ' 

residues. a" y ^ Z ^ ^ ~" * - 

cumulative alignment score falls off by the quantitv Y fr . 

-onug restdue augments; „ r , he end of either sequence ,s reached The BLAST at ,, 
parameters W, T, and X determine the sensitivity and speed of the r 

BLASTP program useS as defaults a wordlength of 3 *nd 

rt ncr TAyf/c> - woraiengtti of 3, and expectation (E) of 1 0 and the 

^ «—* (B) of 50, expectahon (E) of ,0, M=5, N-4, and a comparison of bo* 

between two ^ITeZT * " ^ °^ "»"«* 

"87(1993)) 0„ ^'^^'^c Na.TAcad . Sci. USA 90.5873- 

3/8/(1993)). Onemeasureofsimilan'typrovidedbvtheB7ACT i -.u ■ 
sum probability nwr, >,,. 'oea oy the BLAST algorithm is the smallest 

P obability mm wmch provides an indication of the probability by which a match 
between two nucleotide or amino acid sequences would occur by chance For e 
nucleic acid is considered similar to a referent - "'^ " 

reference sequence tf the smallest sum probability in a 
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preferably less than about 0.01, and most preferably less ,ha„ abou, 0.00, . 
IH. POLYNUCLEOTIDE COMPOSITIONS 

5 DNA , ,^ USriherei "- ,he ' ermS '' DNAs ^»'''and''poly n uc 1 eo, i de»refer t oa 
5 DNA molecule , hal has been iso.a.ed free of ,o,al genomic DNA of a particular species 
Therefore, a DNA segmen, encodlng . polypep<ide ^ ^ ^ ^ ^ ^ 

o e „ r more codmg sequences ye, ,s subs^Ually ,so.a,ed away mom, or purified free from 
,o a genomic DNA of me species from which te DNA seamen, is ob«ai„ed. deluded wi.hin 
Uteerms DNA segmented "poly.ucleo.ide" are DNA segments and smaller fragment 

: tt - d also vec,ors ' inciud,n& for ~i 

phagemids, phage, viruses, and the like. 

invention ca ■ ^ 7 " * ^ " «■ ° NA S « 

_ can mciude genomtc sconces, extra-genomtc and plasmid-encoded seances 

15 r H OT 8e " e Segmen ' S ,ha ' ^ M ^ ^ '° «P-. Proteins 

polw. es, peptides and the like. Such segments may be naturally isolated, or modified ' 
synthetically by the hand of man. 

from ,b H ." ,SO ' a,ed '" 33 "" d herein ' mMns < h » • Polynucleotide ts substantially away 
from o.her codmg sequences, and that the DNA segmen, does no, contain large portions of 
^elated coding DNA, such as large chromosomal fragments or o,her fu.c.tona, genl 
» po ypep„de codmg regions. 0f course , thjs refas , o ^ ^ 

and does no, exclude genes or cCing regions ,a,=r added ,o the segmen, by the hand of IT 

« h „ ^ ^ reC0SniZed " y Ski " ed ar,iSa "' P»'»»>«l~Hd« may be single- 
tranded codmg or antisense, „ r double-stranded, and may be DNA (genomic, cDNA or 

5 ^"""-'^-^^"■o.ecules.whichcontam 
■nrro s and correspond to a DNA molecule in a one-to-one mamter, and mKNA molecules 
whtch do no, comain in,™, Additional codmg or non-coding fences may, bu, need o, 
be presen w.thm a polynucleotide of ,he present i„ve„,io„, and a P o,ynuc,eo,Me may bu 
need no,, be hnked «o o,her molecules and/or support ma,eria,s. 

Polynucleotides may comprise a nadveseouenceO.,, an endogenous 
setmence ma, encodes a M ycobaaerium mtigen or a portio „ ^ of 

vanant, or a bidogica, or antigenic functional equivalent of such a seauence. PolynucleoMde 
« may co„,ai„ one or more substitutions, additions, de,e,ions and/or inser.il 1 
further descnbed be,ow, prefcrabiy such that the immunogenic!* of the encoded pol^eptide 
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is not diminished, relative to a native tumor protein. The effect on the immunogenic!* of the 
encoded polypeptide may generally be assessed as described herein. The term "variants" also 
encompasses homologous genes of xenogenic origin. 

In additional embodiments, the present invention provides isolated 
5 polynucleotides and polypeptides comprising various lengths of contiguous stretches of 
sequence identical to or complementary to one or more of the sequences disclosed herein 
For example, polynucleotides are provided by this invention that comprise at least about 15 
20, 30, 40, 50, 75, 100. 150, 200, 300, 400, 500 or 1000 or more contiguous nucleotides of ' 
one or more of the sequences disclosed herein as well as all intermediate lengths there 
> between. It will be readily understood that "intermediate lengths", in this context, means any 
length between the quoted values, such as 16, 17, 18, 19, etc, 21, 22, 23, etc • 30 31 32 etc ■ 
50, 51, 52, 53, etc, 100, 101, 102, 103, etc, 150, 151, ,52, 153, etc, including all integers ' 
through 200-500; 500-1,000, and the like. 

The polynucleotides of the present invention, or fragments thereof, regardless 
of the length of the coding sequence itself, may be combined with other DNA sequences 
such as promoters, polyadenylation signals, additional restriction enzyme sites, multiple ' 
clonmg sues, other coding segments, and the like, such that their overall length may vary 
considerably. It is therefore contemplated that a nucleic acid fragment of almost any length 
may be employed, with the total length preferably being limited by the ease of preparation 
and use in the intended recombinant DNA protocol. For example, illustrative DNA segments 
with total lengths of about 10,000, about 5000, about 3000, about 2,000, about 1,000, about 
500, about 200, about 100, about 50 base pairs in length, and the like, (including all 
intermediate lengths) are contemplated to be useful in many implementations of this 
invention. 

Moreover, it will be appreciated by those of ordinary skill in the art that as a 
result of the degeneracy of the genetic code, there are many nucleotide sequences that encode 
a polypeptide as described herein. Some of these polynucleotides bear minimal homology to 
the nucleotide sequence of any native gene. Nonetheless, polynucleotides that vary due to 
differences in codon usage are specifically contemplated by the present invention for 
example polynucleotides that are optimized for human and/or primate codon selection 
Further, alleles of the genes comprising the polynucleotide sequences provided herein are 
within the scope of the present invention. Alleles are endogenous genes that are altered as a 
result of one or more mutations, such as deletions, additions and/or substitutions of 
nucleotide, The resulting mRNA and protein may, but need not, have an altered structure or 
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function. Alleles may be identified using standard techniques (such as hybridization, 
amplification and/or database sequence comparison). 

IV. POLYNUCLEOTIDE IDENTIFICATION AND CHARACTERIZATION 

Polynucleotides may be identified, prepared and/or manipulated using any of a 
variety of well established techniques. For example, a polynucleotide may be identified, as 
described in more detail below, by screening a microarray of cDNAs for tumor-associated 
expression (i.e., expression that is at least two fold greater in a tumor than in normal tissue, as 
determined using a representative assay provided herein). Such screens may be performed, 
for example, using a Synteni microarray (Palo Alto, CA) according to the manufacturer's 
instructions (and essentially as described by Schena et al, Proc. Natl. Acad. Sci. USA 
93:10614-10619 (1996) and Heller et al., Proc. Natl. Acad. Sci. USA 94:2150-2155 (1997)). 
Alternatively, polynucleotides may be amplified from cDNA prepared from cells expressing 
the proteins described herein, such as M. tuberculosis cells. Such polynucleotides may be 
amplified via polymerase chain reaction (PCR). For this approach, sequence^specific primers 
may be designed based on the sequences provided herein, and may be purchased or 
synthesized. 

An amplified portion of a polynucleotide of the present invention may be used 
to isolate a full length gene from a suitable library (e.g., aM tuberculosis cDNA library) 
using well known techniques. Within such techniques, a library (cDNA or genomic) is 
screened using one or more polynucleotide probes or primers suitable for amplification. 
Preferably, a library is size-selected to include larger molecules. Random primed libraries 
may also be preferred for identifying 5' and upstream regions of genes. Genomic libraries 
are preferred for obtaining introns and extending 5' sequences. 

For hybridization techniques, a partial sequence may be labeled (e.g., by nick- 
translation or end-labeling with 32 P) using well known techniques. A bacterial or 
bacteriophage library is then generally screened by hybridizing filters containing denatured 
bacterial colonies (or lawns containing phage plaques) with the labeled probe (see Sambrook 
et al. , Molecular Cloning: A Laboratory Manual (1 989)). Hybridizing colonies or plaques 
are selected and expanded, and the DNA is isolated for further analysis. cDNA clones may 
be analyzed to determine the amount of additional sequence by, for example, PCR using a 
primer from the partial sequence and a primer from the vector. Restriction maps and partial 
sequences may be generated to identify one or more overlapping clones. The complete 
sequence may then be determined using standard techniques, which may involve generating a 
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series of deletion clones. The resulting overlapping sequences can then assembled into a 
single contiguous sequence. A full length cDNA molecule can be generated by ligating 
suitable fragments, using well known techniques. 

Alternatively, there are numerous amplification techniques for obtaining a full 
length coding sequence from a partial cDNA sequence. Within such techniques, 
amplification is generally performed via PCR. Any of a variety of commercially available 
kits may be used to perform the amplification step. Primers may be designed using, for 
example, software well known in the art. Primers are preferably 22-30 nucleotides in length, 
have a GC content of at least 50% and anneal to the target sequence at temperatures of about 
68°C to 72°C. The amplified region may be sequenced as described above, and overlapping 
sequences assembled into a contiguous sequence. 

One such amplification technique is inverse PCR (see Triglia et al, Nucl. 
Acids Res. 16:8186 (1988)), which uses restriction enzymes to generate a fragment in the 
known region of the gene. The fragment is then circularized by intramolecular ligation and 
used as a template for PCR with divergent primers derived from the known region. Within 
an alternative approach, sequences adjacent to a partial sequence may be retrieved by 
amplification with a primer to a linker sequence and a primer specific to a known region. 
The amplified sequences are typically subjected to a second round of amplification with the 
same linker primer and a second primer specificto the known region. A variation on this 
procedure, which employs two primers that initiate extension in opposite directions from the 
known sequence, is described in WO 96/38591. Another such technique is known as "rapid 
amplification of cDNA ends" or RACE. This technique involves the use of an internal 
primer and an external primer, which hybridizes to a polyA region or vector sequence, to 
identify sequences that are 5' and 3' of a known sequence. Additional techniques include 
capture PCR (Lagerstrom et al. , PCR Methods Applic. 1 : 1 1 1 - 1 9 ( 1 99 1 )) and walking PCR 
(Parker et al., Nucl. Acids. Res. 19:3055-60 (1991)). Other methods employing amplification 
may also be employed to obtain a full length cDNA sequence. 

In certain instances, it is possible to obtain a full length cDNA sequence by 
analysis of sequences provided in an expressed sequence tag (EST) database, such as that 
available from GenBank. Searches for overlapping ESTs may generally be performed using 
well known programs (e.g., NCBI BLAST searches), and such ESTs may be used to generate 
a contiguous full length sequence. Full length DNA sequences may also be obtained by 
analysis of genomic fragments. 
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V. POLYNUCLEOTIDE EXPRESSION IN HOST CELLS 

In other embodiments of the invention, polynucleotide sequences or fragments 
thereof which encode polypeptides of the invention, or fusion proteins or functional 
equivalents thereof, may be used in recombinant DNA molecules to direct expression of a 
polypeptide in appropriate host cells. Due to the inherent degeneracy of the genetic code, 
other DNA sequences that encode substantially the same or a functionally equivalent amino 
acid sequence may be produced and these sequences may be used to clone and express a 
given polypeptide. 

As will be understood by those of skill in the art, it may be advantageous in 
some instances to produce polypeptide-encoding nucleotide sequences possessing non- 
naturally occurring codons. For example, codons preferred by a particular prokaryotic or 
eukaryotic host can be selected to increase the rate of protein expression or to produce a 
recombinant RNA transcript having desirable properties, such as a half-life which is longer 
than that of a transcript generated from the naturally occurring sequence. 

Moreover, the polynucleotide sequences of the present invention can be 
engineered using methods generally known in the art in order to alter polypeptide encoding 
sequences for a variety of reasons, including but not limited to, alterations which modify the 
cloning, processing, and/or expression of the gene product. For example, DNA shuffling by 
random fragmentation and PGR reassembly of gene fragments and synthetic oligonucleotides 
may be used to engineer the nucleotide sequences. In addition, site-directed mutagenesis may 
be used to insert new restriction sites, alter glycosylation patterns, change codon preference, 
produce splice variants, or introduce mutations, and so forth. 

In another embodiment of the invention, natural, modified, or recombinant 
nucleic acid sequences may be ligated to a heterologous sequence to encode a fusion protein. 
For example, to screen peptide libraries for inhibitors of polypeptide activity, it may be useful 
to encode a chimeric protein that can be recognized by a commercially available antibody. A 
fusion protein may also be engineered to contain a cleavage site located between the 
polypeptide-encoding sequence and the heterologous protein sequence, so that the 
polypeptide may be cleaved and purified away from the heterologous moiety. 

Sequences encoding a desired polypeptide may be synthesized, in whole or in 
part, using chemical methods well known in the art {see Caruthers, M. H. et al., Nucl. Acids 
Res. Symp. Ser. pp. 215-223 (1980), Horn et al, Nucl. Acids Res. Symp. Ser. pp. 225-232 
(1980)). Alternatively, the protein itself may be produced using chemical methods to 
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synthesize the amino acid sequence of a polypeptide, or a portion thereof. For example, 
peptide synthesis can be performed using various solid-phase techniques (Roberge et al 
Science 269:202-204 (1995)) and automated synthesis may be achieved, for example, using 
the ABI 431 A Peptide Synthesizer (Perkin Elmer, Palo Alto, CA). 

A newly synthesized peptide may be substantially purified by preparative high 
performance liquid chromatography (e.g., Creighton, Proteins, Structures and Molecular 
Principles (1983)) or other comparable techniques available in the art. The composition of 
the synthetic peptides may be confirmed by amino acid analysis or sequencing (e.g., the 
Edman degradation procedure). Additionally, the amino acid sequence of a polypeptide, or 
any part thereof, may be altered during direct synthesis and/or combined using chemical 
methods with sequences from other proteins, or any part thereof, to produce a variant 
p polypeptide. 

m 1x1 order to ex P ress a desired polypeptide, the nucleotide sequences encoding 

the polypeptide, or functional equivalents, may be inserted into appropriate expression vector, 
i.e., a vector which contains the necessary elements for the transcription and translation of the 
inserted coding sequence. Methods which are well known to those skilled in the art may be 
used to construct expression vectors containing sequences encoding a polypeptide of interest 
and appropriate transcriptional and translation^ control elements. These methods include in 
vitro recombinant DNA techniques, synthetic techniques, and in vivo genetic recombination. 
Such techniques are described in Sambrook et al., Molecular Cloning, A Laboratory Manual 
(1 989), and Ausubel et al, Current Protocols in Molecular Biology (1989). 

A variety of expression vector/host systems may be utilized to contain and 
express polynucleotide sequences. These include, but are not limited to, microorganisms 
such as bacteria transformed with recombinant bacteriophage, plasmid, or cosmid DNA 
expression vectors; yeast transformed with yeast expression vectors; insect cell systems 
infected with virus expression vectors (e.g., baculovirus); plant cell systems transformed with 
virus expression vectors (e.g., cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) 
or with bacterial expression vectors (e.g., Ti or P BR322 plasmids); or animal cell systems. 

The "control elements" or "regulatory sequences" present in an expression 
vector are those non-translated regions of the vector-enhancers, promoters, 5' and 3' 
untranslated regions-which interact with host cellular proteins to carry out transcription and 
translation. Such elements may vary in their strength and specificity. Depending on the 
vector system and host utilized, any number of suitable transcription and translation elements, 
including constitutive and inducible promoters, may be used. For example, when cloning in ' 
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bacterial systems, inducible promoters such as the hybrid lacZ promoter of the 
PBLUESCRIPT phagemid (Stratagene, La Jolla, Calif.) or PSPORT1 plasmid (Gibco BRL 
Gaithersburg, MD) and the like may be used. In mammalian cell systems, promoters from 
mammalian genes or from mammalian viruses are generally preferred. If it is necessary to 
generate a cell line that contains multiple copies of the sequence encoding a polypeptide 
vectors based on SV40 or EBV may be advantageously used with an appropriate selectable 
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In bacterial systems, a number of expression vectors may be selected 
depending upon the use intended for the expressed polypeptide. For example, when large 
quantities are needed, for example for the induction of antibodies, vectors which direct high 
level expression of fusion proteins that are readily purified may be used. Such vectors 
include, but are not limited to, the multifunctional E. coli cloning and expression vectors such 
as BLUESCRIPT (Stratagene), in which the sequence encoding the polypeptide of interest 
may be ligated into the vector in frame with sequences for the amino-terminal Met and the 
subsequent 7 residues of P -galactosidase so that a hybrid protein is produced; pIN vectors 
(Van Heeke &Schuster, J. Biol. Chem. 264:5503-5509 (1989)); and the like. pGEX Vectors 
(Promega, Madison, Wis.) may also be used to express foreign polypeptides as fusion 
proteins with glutathione S-transferase (GST). In general, such fusion proteins are soluble 
and can easily be purified from lysed cells by adsorption to glutathione-agarose beads 
followed by elution in the presence of free glutathione. Proteins made in such systems may 
be designed to include heparin, thrombin, or factor XA protease cleavage sites so that the 
cloned polypeptide of interest can be released from the GST moiety at will. 

In the yeast, Saccharomyces cerevisiae, a number of vectors containing 
constitutive or inducible promoters such as alpha factor, alcohol oxidase, and PGH may be 
used. For reviews, see Ausubel et al {supra) and Grant et al, Methods Enzymol. 153516- 
544(1987). 

In cases where plant expression vectors are used, the expression of sequences 
encoding polypeptides may be driven by any of a number of promoters. For example viral 
promoters such as the 35S and 19S promoters of CaMV may be used alone or in combination 
with the omega leader sequence from TMV (Takamatsu, EMBOJ. 6:307-31 1 (1987)). 
Alternatively, plant promoters such as the small subunit of RUBISCO or heat shock 
promoters may be used (Coruzzi et al, EMBO J. 5:1671-1680 (1984); Broglie et al, Science 
224:838-843 (1984); and Wintered/.. Results Probl. Cell Differ. 17:85-105 (1991)). These 
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constructs can be introduced into plant cells by direct DNA transformation or pathogen- 
mediated transection. Such techniques are described in a number of generally available 
reviews (see, e.g., Hobbs in McGraw Hill Yearbook of Science and Technology pp 191-196 
(1992)). 

An insect system may also be used to express a polypeptide of interest. For 
example, in one such system, Autographa californica nuclear polyhedrosis virus (AcNPV) is 
used as a vector to express foreign genes in Spodoptera frugiperda cells or in Trichoplusia 
larvae. The sequences encoding the polypeptide may be cloned into a non-essential region of 
the virus, such as the polyhedrin gene, and placed under control of the polyhedrin promoter. 
Successful insertion of the polypeptide-encoding sequence will render the polyhedrin gene 
inactive and produce recombinant virus lacking coat protein. The recombinant viruses may 
then be used to infect, for example, S. frugiperda cells or Trichoplusia larvae in which the 
polypeptide of interest may be expressed (Engelhard et ah, Proc. Natl. Acad. Sci. U.S.A. 91 
:3224-3227(1994)). 

In mammalian host cells, a number of viral-based expression systems are 
generally available. For example, in cases where an adenovirus is used as an expression 
vector, sequences encoding a polypeptide of interest may be ligated into an adenovirus 
transcription/translation complex consisting of the late promoter and tripartite leader 
sequence. Insertion in a non-essential El or E3 region of the viral genome may be used to 
obtain a viable virus which is capable of expressing the polypeptide in infected host cells 
(Logan & Shenk, Proc. Natl. Acad. Sci. U.S.A. 81:3655-3659 (1984)). In addition, 
transcription enhancers, such as the Rous sarcoma virus (RSV) enhancer, may be used to 
increase expression in mammalian host cells. 

Specific initiation signals may also be used to achieve more efficient 
translation of sequences encoding a polypeptide of interest. Such signals include the ATG 
initiation codon and adjacent sequences. In cases where sequences encoding the polypeptide, 
its initiation codon, and upstream sequences are inserted into the appropriate expression 
vector, no additional transcriptional or translational control signals may be needed. However, 
in cases where only coding sequence, or a portion thereof, is inserted, exogenous translational 
control signals including the ATG initiation codon should be provided. Furthermore, the 
initiation codon should be in the correct reading frame to ensure translation of the entire 
insert. Exogenous translational elements and initiation codons may be of various origins, 
both natural and synthetic. The efficiency of expression may be enhanced by the inclusion of 
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enhancers which are appropriate for the particular cell system which is used, such as those 
described in the literature (Scharf et al, Results Probl Cell Differ. 20:125-162 (1994)). 

In addition, a host cell strain may be chosen for its ability to modulate the 
expression of the inserted sequences or to process the expressed protein in the desired 
fashion. Such modifications of the polypeptide include, but are not limited to, acetylation, 
carboxylation. glycosylation, phosphorylation, lipidation, and acylation. Post-translational 
processing which cleaves a "prepro" form of the protein may also be used to facilitate correct 
insertion, folding and/or function. Different host cells such as CHO, HeLa, MDCK, 
HEK293, and WI38, which have specific cellular machinery and characteristic mechanisms 
for such post-translational activities, may be chosen to ensure the correct modification and 
processing of the foreign protein. 

For long-term, high-yield production of recombinant proteins, stable 
expression is generally preferred. For example, cell lines which stably express a 
polynucleotide of interest may be transformed using expression vectors which may contain 
viral origins of replication and/or endogenous expression elements and a selectable marker 
gene on the same or on a separate vector. Following the introduction of the vector, cells may 
be allowed to grow for 1-2 days in an enriched media before they are switched to selective 
media. The purpose of the selectable marker is to confer resistance to selection, and its 
presence allows growth and recovery of cells which successfully express the introduced 
sequences. Resistant clones of stably transformed cells may be proliferated using tissue 
culture techniques appropriate to the cell type. 

Any number of selection systems may be used to recover transformed cell 
lines. These include, but are not limited to, the herpes simplex virus thymidine kinase (Wigler 
et al, Cell 1 1 :223-32 (1977)) and adenine phosphoribosyltransferase (Lowy et al 9 Cell 
22:817-23 (1990)) genes which can be employed in tk.sup.- or aprt.sup.- cells, respectively. 
Also, antimetabolite, antibiotic or herbicide resistance can be used as the basis for selection; 
for example, dhfr which confers resistance to methotrexate (Wigler et al, Proc. Natl Acad. 
ScL U.S.A. 77:3567-70 (1980)); npt, which confers resistance to the aminoglycosides, 
neomycin and G-418 (Colbere-Garapin et al, J. Mol Biol 150:1-14 (1981)); and als or pat, 
which confer resistance to chlorsulfiiron and phosphinotricin acetyltransferase, respectively 
(Murry, supra). Additional selectable genes have been described, for example, trpB, which 
allows cells to utilize indole in place of tryptophan, or hisD, which allows cells to utilize 
histinol in place of histidine (Hartman & Mulligan, Proc. Natl Acad. Sci. U.S.A. 85:8047-51 
(1988)). Recently, the use of visible markers has gained popularity with such markers as 
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amhocy^s, P . g ,„curo„.dase ^ iB s „ bstate GUS ^ iuciferase ^ sutetate 
lucfenn being w,de,y used not only t0 ^ ^ ^ ^ 

amount of transient „ r slabIe protem expression anribuiabie to a 

(Rhodes el „!., Methods Mol. Biol. 55:121-13! (1995)). 

5 S e„e of inter , A "T PreSenCS/abSMCe •« «W *»« .ha, the 

II f ,S ^ " S ~ eXPreSSi0 " ^ » be ^ 
example, ,f the sequence encoding a polypeptide is inserted within a marker gene sequence 

recombman, cells containing seances can be identic by the absence of ^ 
jetton. Alternatively, a marker gene can be placed in tandem with . polypeptide encoding 

.o mducon or selection usually indicates expression of the tandem gene as wel, 

Alternatively, host cells which contain and express a desired polynucleotide 
sequence may be identified by a vanety of procedures known to mose of skill in me ^ 
These , procedures include, b„, are not Itmitcd to, DNA-DNA or DNA-RNA hybridizanons 
and protetn b.oassay or immunoassay techniques which include membrane, solution, or chip 
based technolog.es for the detection and/or quantification of nucleic acid or protein 
A vanety of protocols for detecting and measuring the expression of 
polynuc.eotide-encoded products, using either po.yclona, ormonoclonal antibodies specfic 
fo^e product are known in the art. Examples inCude enzyme-linked immunosorbent assay 
(ELISA), radtotunnunoassay (RIA), and fluorescence activated ceH sorting (FACS) A two 
sue, monoclonal-based immunoassay utihzing monoclonal antibodies reactive to two non- 
■nterfenng epitopes on a given polypept.de may be preferred for some applications, but a 
compete binding assay may also be employed. These and other assays are described 

andMaddoxe/^.y^.^. 158:1211-1216(1983). 

A wide variety of , a bels and conjugation techniques are known by those 
st. ed m *e art and may be used in various „„ c ,eic acid and amino acid assay, Means for 
producng labeled hybridization or PGR probes for de.ect.ng sequences related to 
polynucleotides indude oligolabeling, nick transition, end-labehng or PCR ampl.fica.ion 

: . labeled nucleotide. Alternatively, the sequences, or any portions thereof may be 
doned ,„,o a vector for the production of an mRNA probe. Such vectors are know, in the 
« are commercially available, and may be used to synthesize RNA probes in vitro by 
add„,on of an appropriate RNA po.ymerase such as T7, T3, or SPo and labeled nuclides 
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T1,ese procedures may be conduced using a variety of commercial availab Ie Kits. Suhabie 
reporter molecuies or iabeis, which may be used inCude radionuciides, enzymes, fluorescent 
chemdummescent, or chromogenic agents as weil as substrates, cofactors, inhibitors 

magnetic particles, and the like. 

5 Host cells transformed with a polynucleotide sequence of interest may be 

cultured under conditions suitable for the expression and recovery of the protein from eel, 
culture. The protein produced by a recombinant cell may be secreted or contained 
intracellular* depending on the sequence and/or the vector used. As will be understood by 
those of skill in the art, expression vectors containing polynucleotides of the invention may 
be des lg ned to contain signal sequences which direct secretion of the encoded polypeptide 
through a prokaryotic or eukaryotic cel. membrane. Other recombinant constructions may be 
used to join sequences encoding a polypeptide of mterest to nucleotide sequence encoding a 
polypeptrde domain which will facilitate purification of soluble proteins. Such punfrcation 
facilitating domains include, but are not limited to, metal chelating peptides such as histidine- 
tryptophan modules that allow purification on immobilized metals, protein A domains that 
allow purification on immobile immunoglobulin, and the domain utilized in the FLAGS 
extensron/affinity purification system (Immunex Corp., Seattle, Washington). The inclusion 
of cleavable linker sequences such as those specific for Factor XA or enterokinase 
dnvrtrogen. San Diego, Calif.) between the purification domain and the encoded polypeptrde 
may be used to facilitate purification. One such expression vector provides for expression of 
a fusion protein containing a polypeptide of interest and a nucleic acid encoding 6 histidine 
resrdues preceding a throredoxin or an enterokinase cleavage site. The histidine residues 
facilitate purification on IMIAC (immobilized metal ion affinity chromatography) as 
desenbed in Porath et al. Pro, E Xp . Purif. 3:263-281 (1992) while the enterokinase cleavage 
srte provrdes a means for purifying the desired polypeptrde from the fusion protein A 
drscussron of vectors which contain fusion proteins is provided in Kroll et al. DMA Cell Biol 
12:441-453 (1993)). 

In addition to recombinant production methods, polypeptides of the invention 
and fragments thereof, may be produced by direct peptide synthesis using solid-phase 
techniques (Merrifield, J. Am. Chem. Soc. 85:2149-2154 (1963)). Protein synthesis may be 
performed using manual techniques or by automation. Automated synthesis may be 
achieved, for example, using Applied Biosystems 43 1 A Peptide Synthesizer (Perkin Elmer) 
Alternatively, various fragments may be chemically synthesized separately and combined 
using chemical methods to produce the full length molecule. 
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VI. IN VIVO POLYNUCLEOTIDE DELIVERY TECHNIQUES 

In additional embodiments, genetic constructs comprising one or more of the 
polynucleosis of the invention are introduced into cells * Wvo. This may be achieved 
usmg any of a variety or well known approaches, several of which are outlined below for the 

~> purpose of illustration. 

1. Adenovirus 

One of the preferred methods for ,„ v,Vo delivery of one or more nucleic acid 
sequences involves the use of an adenovirus expression vector. "Adenovirus expression 
vector" is mean, ,o include those constructs containing adenovtrus sequences sufficient to (a) 
su Pport packaging of the construe, and (b) to express a polynudeotide tha, has been Cone, 
.heretn ,n a sense or antisense orientation. Of course, in the context of an anttsense cons,™, 
expresston does not require that the gene product be synthesized. 

The expression vector comprises a genetically engineered form of an 
adenov.ru, Knowledge of the genetic organization of adenovirus, a 36 kb, linear, double- 
stranded DNA virus, allows substitution of large pieces of adenovral DNA wi,h foreign 
sequences up to 7 kb (Grunhaus * Horwitz, ,992). In contrast to retrovirus, the adenoviral 
mfectton of host cells does no, result ,„ chromosomal integration because adenoviral DNA 
can rephcatc in an episoma, manner without potential genotoxtcity. Also, adenoviruses are 
structurally stable, and no genome rearrangement has been detected after extensive 
amplication. Adenovirus can infec, virtually a„ epithelial cel,s regardless of heir cell cycle 
stage. So far, adenoviral infection appears to be linked only to mild disease such as acute 
respiratory disease in humans. 

Adenovirus is particularly suitable for use as a gene transfer vector because of 
its mid-sized genome, ease of manipulation, high titer, wide target-cell range and high 
mfectmty. Both ends of the viral genome contain 100-200 base pair inverted repeats (ITRs) 
winch ^ cis elements necessary for ^ DNA. replication and packaging. The early (E) and 
late (L) regl ons of the genome contain different transcription units that are divided by the 
onset of viral DNA replication. The El region (El A and FIR'* m ^ 

. icgion v cia and E1B) encodes proteins responsible 

for the regulation of transcription of the viral genome and a few cellular genes The 
expression of the E2 region (E2A and E2B) resul,s in ,he synthesis of the proteins for viral 
DNA replication. These proteins are involved in DNA replication, late gene expression and 
host ce„ shut-off (Renan, 1990). The products of the late genes, including the majority of the 
vtral capsid proteins, are expressed o„.y after significant processing of a single prinuuy 
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transcnpt issued by the major late promoter (MLP). The MLP, (located at 16.8 m u ) is 
particularly efficient during the late phase of infection, and all the mRNA's issued from this 
promoter possess a 5'-tripartite leader (TPL) sequence which makes them preferred mRNA's 
for translation. 

5 In a current system, recombinant adenovirus is generated from homologous 

recombination between shuttle vector and provirus vector. Due to the possible recombination 
between two proviral vectors, wild-type adenovirus may be generated from this process 
Therefore, ,t is critical to isolate a single clone of virus from an individual plaque and 

examine its genomic structure. 

!0 Generation and propagation of the current adenovirus vectors, which are 

rephcation deficient, depend on a unique helper cell line, designated 293, which was 
transformed from human embryonic kidney cells by Ad5 DNA fragments and constitutively 
expresses El proteins (Graham * ./., 1977). Since the E3 region is dispensable from the 
adeno V1 rus genome (Jones & Shenk, 1978), the current adenovirus vectors, with the help of 
5 293 cells, carry foreign DNA in either the El, the D3 or both regions (Graham & Prevec, 
1991). In nature, adenovirus can package approximately 105% of the wild-type genome' 
(Ghosh-Choudhury et al., 1987), providing capacity for about 2 extra kB of DNA Combined 
with the approximately 5.5 kB of DNA that is replaceable in the El and E3 regions the 
maximum capacity of the current adenovirus vector is under 7.5 kB, or about 15% of the total 
length of the vector. More than 80% of the adenovirus viral genome remains in the vector 
backbone and is the source of vector-borne cytotoxicity. Also, the replication deficiency of 
the El-deleted virus is incomplete. For example, leakage of viral gene expression has been 
observed with the currently available vectors at high multiplicities of infection (MOI) 
(Mulligan, 1993). 

Helper cell lines may be derived from human cells such as human embryonic 
kidney cells, muscle cells, hematopoietic cells or other human embryonic mesenchymal or 
epithelial cells. Alternatively, the helper cells may be derived from the cells of other 
mammalian species that are permissive for human adenovirus. Such cells include, e.g. Vero 
cells or other monkey embryonic mesenchymal or epithelial cells. As stated above, the 
currently preferred helper cell line is 293. 

Recently, Racher et al. (1995) disclosed improved methods for culturing 293 
cells and propagating adenovirus. In one format, natural cell aggregates are grown by 
inoculating individual cells into 1 liter siliconized spinner flasks (Techne, Cambridge UK) 
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T 200 ml " med,Um ' «<• a. eeii viability ,s 

estimated with trypan blue. In another format F,'h„ r , ■ 

UK) (5 m is employed a, follows A celT m " ^ S ' er ""' *"* 

added ,„ the carrier ( 5 0 ml) °' °" 0 ^ '" 0CU,Ura - ~* - * «< Medium, is 

5 agitation for lto4 T ! •*» occasional 

6 uon, tor l to 4 h. The medium ,s then replaced with 50 ml „f «■ u .,- 

initiated. Pot virus production, cells „ ^ * ^ »-™ - 
which time the medium is replaced fto 25°/ „f (k « ^ ^ 

MO, of 0.05. Cultures are lefl ^ ^ - - 

crucial to the successful practice of the invention The H ' 

which a great deal of biochemical and genetic informaf ,, ab ° U ' 
been used for „,„„, _ • '"formation ,s known, and it has historically 

used for most constructs employing adenovirus as a vector 

As stated above, the typical vector according to the present invention is 
rephcat.on defective and w„, no, have an adenovirus El region. Thus, i, will I J 

wmcti the El-codmg sequences have been removed Hn«,« ,u 

« ^^-ncodingthegeneof.nteres.mayalsobei.e^edinl.euofthedeletedBS 
region ,„ E3 replacement vectors as described by Karlsson « a,. (1 9 86 ) or in the E4 red 
where a helper cel, line or helper virus complements the E4 defect 

vivo. I his group of viruses can be obtained in high titers e e 1 0» 1 n" , 
forming units per ml, and they are highly infective. The life cycle of ade I 
require integration into the host cell genome The f„ "°' 

^D, demonstrating tneir safety and therapeutic potential as ,„ mo g e „e transfer 
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1992) and vaccine development (Grunhaus & Horwitz 1992- 
Graham & Prevec 1992) p^^ + i • . WItz ' iyy A 

could he , f % anmal S,UdieS SUgSeS,Kl """ ^binan, adenovirus 

could be used for gene ,herap y (S,ra,ford-Perricaude, * Perricaude,, ,99,- St ra t ford 

5 Pemcaudet «<,/., 1990;Rich«„/ ioo-» c„. H . • !>wttord- 

to differ™, ■, Stud.es ,„ admnustering recombinant adenovirus 

.od.,Tere„, tlssues , nc]ude ^ ^ ^ ™ 

™* .ruecfon (Rago, „ 1993) , ^ < 
•993) and stereotax lnto ^ brain (Le ^ u ^ ^ ^ ^ 

Retroviruses 

The retroviruses are a group of single-stranded RNA viruses characterized bv 
an ah,,,* ,o convert thetr RNA to double-str^ded DNA in infected celis b y a p" 

i::r; np,ion(co ^ mo) - ^^jll i 

ftcretentton of .he v,ra> gene sequences in the recipient celi and its descendants. The 
regnal genome centaurs tee genes, gag, po,, a„d e„v ,h, code for capsid proteins 
polymerase e„ zy me, and envelope components, respechvelv. A sequence fould u j^ 

r" "* ~ COn ' afaS ' ^ «" ™* -f «» into virions. TwctT 

.ermmal repeat (LTR) sequences are present a , the 5 . md 3, ^ of the ^ 

J ™st cell genome (Coffin, 1990). 

In order ,0 construe, a retroviral vector, a nucleic acid encoding one or more 

*e p,ace of certam v,ra, sequences ,0 produce a virus ma, is replication-defective. ,n order 

1TJ°: 3 PaCkaSinS "» « - - ~ *» -nouT 

the LTR and packaging components is constructed (Mann et al 1983) Wh™ 

unreduced ,„,o ,his ceil line (h y caleium phosphate prectpitation for e X amp e), I pa !i„ 8 
sequence a, W the RNA transcript of me recombinant p.asmid to be palgt, intoTi J 

9 Tm ,he " SeCre,ed CU " Ure ^ * ~ nun 

~ I, 983) ' '«»ecombm ~tuses is then 

« op ,o„a„ y concent, and used for gene transfer. Retroviral vectors are able to 
^c, a broad vane* of C e„ types. However, intention and stable expression require ,h 
division of host cells (Paskind et al, 1 975). 
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was recen.lv de k ^ " ^ ^ ^ ° f «— 

add, o„ of ,ac,ose restdues ,„ the vira, enve,ope. This modification could penni, t he specific 
mfec tl „„ 0 f h ep alocy , esv , v , sialog|yMprotejiireceptore " '""especfic 

h' „ k- , A differem aPPr ° aCh ,0 lar6e "" 8 ° f rec ° mbi ™< druses was designed in 
wh,ch b.otmylated aga , ns , a retovira| ^ » 

^eptor wereused. W e antibod.es were coupled v<a the blotln compon l by ^ 
«„ (Roux , 1989 , Usjng agains( ' « 

.s^dciassnanii^^^^^^^^^^^^^ 
bore those surface an,,gens with an eco, ro pic vin,s i„ v,V TO(Roux e , a ,„ , 989) 
C. Adeno-Associated Viruses 

AAV(Ridgeway, 1988; Hermonat & Muzycska, 1984)isaparovirus 
Covered as a contaminate of adenoviral stocks. It is a ubi q „i,ous virus (antibodies are 

5 -» clashed as a depends, because its replications ,s dependent on the presence of a 
helper vtnts, such as adenovinrs. FlV e serotypes have been isolated, of which AAV-2 is the 
best characterized. AAV has a smgle-stranded hnear DNA that ,s encapsidated ,„,o capsid 
P*» VP,, VP 2 and VP3 to form an tcosahedra, virton of 20 to 24 nm i„ diarn e ter 
(Muzyczka & McLaughlin, 1988). 

The AAV DNA is approximately 4.7 kilobases long. It contains two open 
readtng frames and is flawed by two FTRs. There are two major genes i„ the AAV genome- 
re P an cap The rep gene codes for proteins responsible for vira. relations, whereas cap 
codesforcaps.dproteinVPl-3. Each ITR forms a T-shaped hairpin structure. These 
termmal repeats are the only essentia, ci s components of the AAV for chromosomal 
mtegratio. Therefore, me AAV can be used as a vector with a,, vira, codtng sciences 

Pl9 ' " ^ '° ** ^ "° Si ' i0 "- T ™» *om 

P5 and p, 9 results ,„ production of rep proteins, and transcription from p40 produces the 

caps.d proteins (Hermonat & Muzyczka, 1984). 

There are several factors tha, prompted researchers to study the possibility of 
u tng rAAV as an expression vector One is ma, the retirements for delivering a gene to 
•ntegrate ,m„ the host chromosome are surprisingly few. „ is necessary to have J ,45-bp 



48 



25 



30 



4.5-kb DNA insertion. While this carrying opacity may prevent the AAV from deh'vering 
large genes, i, is amply suited for delivering the antisense constats of the present invention 

AAV ,s also a good choice of delivery vehicles due to its safety There is a 
relanvely comphcated rescue mechanism: no, „„,y wild ^ ^ ^ 

are required to mobilize rAAV. Likewise, AAV is no, pa %enic Md not mKcM wift 
any d,sease. The remova, of vira, coding sciences minimizes immune reaction ,o vira, 
gene expression, and therefore, rAAV does no, evoke an inflammatory response. 
»■ Other Viral Vectors as Expression Constructs 

Other viral vectors may be employed as expression constructs in the present 
10 ,nve„„on for the dehvety of oligonucleotide or polynucleotide sciences to a host cell 
Vectors denved from viruses such as vaccinia virus <R,dgeway, ,988; Coupar e, al, ,988) 
ent,v,ruses, poho viruses and herpes viruses may be employed. They offer several attractive 
features for various mammalian cells (Friedmann, .989; Ridgeway, 1988; Coupar«„/ 
1 988; Horwich et al , 1 990). 

!5 With the recent recognition of defective hepatitis B viruses, new insight was 

gamed mto the structure-function relationship of different viral sequences. /„ vitro studies 
showed that the virus could retain the ability for helper-dependent packaging and reverse 
transection despite the deletion of up to 80% of its genome (Horwich et al 1990) This 
suggested that large portions of the genome could be replaced with foreign genetic material 
The hepatotropism and persistence (integration) were particularly attractive properties for 
hver- dl rected gene transfer. Chang et al. (1991) introduced the chloramphenicol 
acetyltransferase (CAT) gene into duck hepatitis B virus genome in the place of the 
polymerase, surface, and pre-surface coding sequences. It was cotransfected with wild-type 
virus mto an avian hepatoma cell line. Culture media containing high titers of the 
recombinant virus were used to infect primary duckling hepatocytes. Stable CAT gene 
expression was detected for at least 24 days after transection (Chang et al., 1991). 
E. Non-viral vectors 

In order to effect expression of the oligonucleotide or polynucleotide 
sequences of the present invention, the expression construct must be delivered into a cell 
This dehvery may be accomplished in vitro, as in laboratory procedures for transforming 
cells hnes, or in v/vo or « v/vo, as in the treatment of certain disease states. As described 
above, one preferred mechanism for delivery is via viral infection where the expression 
construct is encapsulated in an infectious viral particle. 
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Once the expression construct has been delivered into the cell the nucleic acid 
encodrng the desired oligonucleotide or polynucleotide sequences may be portioned and 
expressed at different site, In certain embodiments, the nucleic ac ld encoding the construct 
may be stably integrated into the genome of the cell. This integration may be in the specific 
locate and orientation via homologous recombination (gene replacement) or it may be 
integrated m a random, non-specific location (gene augmentation). In yet further 
embodiments, the nucleic acid may be stably mamtained in the cell as a separate, episomal 
segment of DNA. Such nucleic a Cld segments or "episomes" encode sequences sufficient to 
perrmt maintenance and replicafion independent of or in synchronization with the host cell 
cycle. How the expression construct is delivered to a cell and where in the cell the nucleic 
acid remams is dependent on the type of expression construct employed. 

In certain embodiments of the invention, the expression construct comprising 
one or more oligonucleotide or polynucleotide sequences may simply consist of naked 
recombinant DNA or p.asmid, Transfer of the construct may be performed by any of the 
methods mentioned above which physically or chemically permeabilize the cell membrane 
Th 1S 1S particularly applicable for transfer in vitro but i, may be applied to in vivo use as well 
Dubensky et al (1984) successfully injected polyomavirus DNA in the form of calcium 
phosphate precipitates into liver and spleen of adult and newborn mice demonstrating active 
viral rephcation and acute infection. Benvenisty & Reshef (1986) also demonstrated that 
dn-ect intraperitoneal injection of calcium phosphate-precipitated plasmids results in 
expression of the transfected genes. It is envisioned that DNA encoding a gene of interest 
may also be transferred in a similar manner /„ vivo and express the gene product. 

Another embodiment of the invention for transferring a naked DNA 
expression construct into cells may involve particle bombardment. This method depends on 
the ability to accelerate DNA-coated microprojectiles to a high velocity allowing them to 
Pierce cell membranes and enter cells without killing them (Klein et al, 1987) Several 
dev 1C es for accelerating small particles have been developed. One such device relies on a 
high voltage discharge to generate an electrical current, which in turn provides the motive 
force (Yang et al, 1990). The microprojectiles used have consisted of biologically inert 
substances such as tungsten or gold beads. 

Selected organs including the liver, skin, and muscle tissue of rats and mice 
have been bombarded in vivo (Yang et al, 1990; Zelenin et al., 1991). This may require 
surgical exposure of the tissue or cells, to eliminate any intervening tissue between the gun 
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and the targe, o rgan , ,,, „ vivo ^ ^ ^ 
severed „ thls method md s|i|1 be ^ by ^ ^ 

VII. POLYPEPTIDE COMPOSITIONS 

The present invention, in other aspects, provMes compositions 
> a pCypephde of the mvention wi„ be m isoIated „„„ ^ ~' 

vana„ t ,„, actlvefra&llentthereof)derivedfromamamniaiian P . 

P ypephde .encoded by . po,y.„Ceo„de seq „ ence d , sdosed ^ ^ • ^ 

r r : tt ,y strinsent condi,,ons ,o a po,ynucie ° Me ~ 

.0 oZo? " P0,yPeP " de ^ ^ ^ * P <"~ "** a 

conhguo^ a„„„„ acd nuance Irom an amino acid sequence diseased herein, or which 

O Polypept.de compnses an entire amino acid sequence disclosed herein. 

ft Immunogenic portions may genera]ly „ e iden( . fled ^ 

techniques, such as those summarized in p„,,i jr. j 

(1993. „„H f Ummanzedm,> aul,F„„rf <J „ e „, a//mra „„ otos:) , i 3fd ed 

( 993) and references c.ted .herem. Such technics include screening poiypeptides for the 
» ah, * to react with antigen-speciflc antibodies, ^ ^ ^ ^ * "» 

nsed herem, antisera and antibodies are "antigen-specinc" if they specify bind to an 
anhgen ,,, ,hey react with the protein in an ELBA or other immunoassay, and do no, react 
detect^ wh unreiated proteins,. Such antisera and antibodies may be prepared as 
desenbed herein, and using we,, known techniques. An immunogenic portion of a 

* P-m is a portion ,ha, reacts with such antisera and/or T-ce„s a. a level 

ELISA anchor T-cel, reactivity assay). Such immunogenic portion, may react within such 
assays at a level tha, is simiiar to or greater than the reactivity of the flu, ,e„gth polypep, e 

* n:rr ay r ra,iy be perfomed using — - ^ * -"Z 

0 WO For exampie, a p„,ype P „de may be ,mmobi,i 2 ed on a soiid support and contacted 
w m panen, sera to a,low binding of anybodies within the „ , G ^ 

iZTt, ^ ~ **> * « - — ^dies detected using, for 

example, I-labeled Protein A. 

Polypeptides may be prepared using any of a variety of well known 
-hntoue, Recombinant polypeptides encoded by DNA sequences as described above may 
be readdy prepared from the DNA sequences using any 0 f a variety of expression vectors 
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ta. -0 »a, as been transformed or transfected ^ „ ^ 
DNA molecule that encodes a recombinant po ly pep ti de. Suitable hos, cells include 
I'TTTT' ^ "** Ce " S ' ^ M «* - Pta. cells 

CHO. Supers from suitable host/vector sys , ems whjch secre(e recombjMnt 

polypepti e ,„ to culture media may b e firs, concentrated using . ^ 
filter. Followmg concent™, me conceMrate may be app|jed ^ ^ ^ 

72" m affini,y ma,m or 3,1 ion exchange resin - Finan * ™ - «» 

Phase HPLC steps can be employed ,o further purify a recombinant polypeptide 

Polypeptides of*, invention, unmunogenic fragments thereof, and other 
vanants having ,ess than about ,00 amino acids, and generaiiy iess than about 50 atnino 
actds, may also be generated by synthetic means, using techniques well known to those of 
ordtnary sk,,, in the art. For example , suc „ po]ypeptides ^ ^ 

" " «* - - Menifield solid-phase syjhesis 

method, where ammo acids are sequentially added to a growing amino acid chain See 
Mernfield ; CHe m . Soc. SS:2U9-2U 6 (19o 3). Equipment for automated synthesis of 
polypeptides ,s commercially available fern suppliers such as Perkin Elmer/Applied 
B.oSystems Dtvision (Foster City, CA), and may be operated according to the manufacturer's 
instructions. 

Within certain specific embodiments, a polypeptide may be a fusion protein 
•ha, compnses multiple polypeptides as described herein, or that comprises a, leas, one 
Pdypeptide as described herein and an unrelated sequence, such as a know, tumor protein 
A fuston parser may, for example, assist in providtng T helper epitopes (an immunological 
taon partner), preferably T helper epitopes recognized by humans, or may assist in 
expressmg the protein (an expression enhancer) a, higher yields than the native recombinant 
protetn. Certain preferred fusion partners are bom immunological and expression enhancing 
fuston partners. Other fusion partners may be selected so as to increase the solubility of the 
protem or to enable the protein to be targeted to desired intracellular compartments. Still 
further fusion partners include affinity tags, which facilitate purification of the protein 

Fuston proteins may generally be prepared using standard techniques 
mcludmg chemical conjugation. Preferably, a fusion protein is expressed as a recombinant 
protem, ahowing the production of increased levels, relative to a non-fused protein in an 
expression system. Briefly, DNA sequences ending the polypeptide components may be 
assembled separately, and ligated into an appropriate expression vector. The 3' end of the 
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DNA sequence encoding one polypeptide component is ligated, with or without a peptide 
hnker, to the 5' end of a DNA sequence encoding the second polypeptide component so that 
the reading frames of the sequences are in phase. This permits translation into a single fusion 
protein that retains the biological activity of both component polypeptides. 
5 A peptide linker sequence may be employed to separate the first and second 

polypep.de components by a Stance sufficient to ensure that each polypeptide folds into its 
secondary and tertiary structure, Such a peptide linker sequence is incorporated into the 
fusion protem using standard techniques well known in the art. Suitable peptide linker 
sequences may be chosen based on the following factors: (1) their ability to adopt a flexible 
extended conformation; (2) their inability to adopt a secondary structure that could interact 
with functional epitopes on the first and second polypeptides; and (3) the lack of hydrophobic 
or charged residues that might react with the polypeptide functional epitopes. Preferred 
peptide hnker sequences contain Gly, Asn and Ser residues. Other near neutral amino acids 
such as Thr and Ala may also be used in the linker sequence. Amino acid sequences which ' 
may be usefully employed as linkers include those disclosed in Maratea et al, Gene 40 39-46 
(1985); Murphy et al, Proc. Natl. Acad. Sci. USA 83:8258-8262 (1986); U.S Patent No 
4,935,233 and U.S. Patent No. 4,751,180. The linker sequence may generally be from 1 to 
about 50 amino acids in length. Linker sequences are not required when the first and second 
polypeptides have non-essential N-terminal amino acid regions that can be used to separate 
the functional domains and prevent steric interference. 

The ligated DNA sequences are operably linked to suitable transcriptional or 
transanal regulatory elements. The regulatory elements responsible for expression of 
DNA are located only 5' to the DNA sequence encoding the first polypeptides. Similarly 
stop codons required to end translation and transcription termination signals are only present 
3' to the DNA sequence encoding the second polypeptide. 

Fusion proteins are also provided. Such proteins comprise a polypeptide as 
descnbed herein together with an unrelated immunogenic protein. Preferably the 
immunogenic protein is capable of eliciting a recall response. Examples of such proteins 
include tetanus, tuberculosis and hepatitis proteins (see, e.g., Stoute et al., Ne W Engl J Med 
336:86-91 (1997)). 

Within preferred embodiments, an immunological fusion partner is derived 
from protein D, a surface protein of the gram-negative bacterium Haemophilus influenza B 
(WO 91/1 8926). Preferably, a protein D derivative comprises approximately the first third of 
the protem (e.g., the first N-terminal 100-1 10 amino acids), and a protein D derivative may 
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virus, NS. (hemaslutimn). TypicalljTthe T ^ 

■o *» ^.^^^ which 2 LYTA H ,s denved 

LYTA <enc„ded by the ^ ^ Cene 43:265 Xs ~ " 
- P ec,«c a „ ydegrad e SC e rtainboIldsin(he peptidoglycan b 

domain of the LYTA nmt»; n • • ne - 1 ne (--terminal 

Li 1A protein is responsible for the affmirv to u . • 

analogues such as DEAE Thi, u ° line ° r t0 SOme cho1 ™ 

proteins containing the c LYTA - ? ft,S '° n P ™ eins - P -«««°n „f hybrid 

™ is separated from some or all ^ " P-ein is isolated 

isolated if for examnfei,- , Polynucleotide ,s considered to be 

Vni. T CELLS 

™, usi„ g standard proced.es FoTexall T 7 " " *° " 
Peripheral blood or a fraCon of b ^ ^ *" ^ 

~,al,y av^,a ,et Te " W °° d ^ ' P " M ' 3 

y ava„ab,e ce„ separate system, such as .he ,so,ex™ Sys.cn,, avaHable from 
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Nexell Therapeutics, Inc. (Irvine, CA; see also U.S. Patent No. 5,240,856; U.S. Patent No. 
5,215,926; WO 89/06280; WO 91/161 16 and WO 92/07243). Alternatively, T cells may be 
derived from related or unrelated humans, non-human mammals, cell lines or cultures. 

T cells may be stimulated with a polypeptide of the invention, polynucleotide 
encoding such a polypeptide, and/or an antigen presenting cell (APC) that expresses such a 
polypeptide. Such stimulation is performed under conditions and for a time sufficient to 
permit the generation of T cells that are specific for the polypeptide. Preferably, the 
polypeptide or polynucleotide is present within a delivery vehicle, such as a microsphere, to 
facilitate the generation of specific T cells. 

T cells are considered to be specific for a polypeptide of the invention if the T 
cells specifically proliferate, secrete cytokines or kill target cells coated with the polypeptide 
or expressing a gene encoding the polypeptide. T cell specificity may be evaluated using any 
of a variety of standard techniques. For example, within a chromium release assay or 
proliferation assay, a stimulation index of more than two fold increase in lysis and/or 
proliferation, compared to negative controls, indicates T cell specificity. Such assays may be 
performed, for example, as described in Chen et al., Cancer Res. 54:1065-1070 (1994)). 
Alternatively, detection of the proliferation of T cells may be accomplished by a variety of 
known techniques. For example, T cell proliferation can be detected by measuring an 
increased rate of DNA synthesis {e.g., by pulse-labeling cultures of T cells with tritiated 
thymidine and measuring the amount of tritiated thymidine incorporated into DNA). Contact 
with a polypeptide of the invention (100 ng/ml - 100 ug/ml, preferably 200 ng/ml-25 ^g/ml) 
for 3 - 7 days should result in at least a two fold increase in proliferation of the T cells. 
Contact as described above for 2-3 hours should result in activation of the T cells, as 
measured using standard cytokine assays in which a two fold increase in the level of cytokine 
release {e.g., TNF or IFN-y) is indicative of T cell activation {see Coligan et al., Current 
Protocols in Immunology, vol. 1 (1998)). T cells that have been activated in response to a 
polypeptide, polynucleotide or polypeptide-expressing APC may be CD4 + and/or CD8 + . 
Protein-specific T cells may be expanded using standard techniques. Within preferred 
embodiments, the T cells are derived from a patient, a related donor or an unrelated donor, 
and are administered to the patient following stimulation and expansion. 

For therapeutic purposes, CD4 + or CD8 + T cells that proliferate in response to 
a polypeptide, polynucleotide or APC can be expanded in number either in vitro or in vivo. 
Proliferation of such T cells in vitro may be accomplished in a variety of ways. For example, 
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IX. PHARMACEUTICAL COMPOSITIONS 

It will also be understood that if design «,„ i • 
admtmstered in combination with other agents as well , „ 

ota consents tha, may a,so be indl, giveTta , h e 2 " "° '° 

..entattve,, may be cbetnica,,, syntheslzed „ ^ ^ ~ 
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containing sodium borate, glycerin and potassium bicarbonate, or dispersed in a dentifrice, or 
added in a therapeutically-effective amount to a composition that may include water, binders, 
abrasives, flavoring agents, foaming agents, and humectants. Alternatively the compositions' 
may be fashioned into a tablet or solution form that may be placed under the tongue or 
otherwise dissolved in the mouth. 

B. Injectable Delivery 

In certain circumstances it will be desirable to deliver the pharmaceutical 
compositions disclosed herein parenterally, intravenously, intramuscularly, or even 
intraperitoneally as described in U. S. Patent 5,543,158; U. S. Patent 5,641,515 and U. S. 
Patent 5,399,363 (each specifically incorporated herein by reference in its entirety). 
Solutions of the active compounds as free base or pharmacologically acceptable salts may be 
prepared in water suitably mixed with a surfactant, such as hydroxypropylcellulose. 
Dispersions may also be prepared in glycerol, liquid polyethylene glycols, and mixtures 
thereof and in oils. Under ordinary conditions of storage and use, these preparations contain 
a preservative to prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile aqueous 
solutions or dispersions and sterile powders for the extemporaneous preparation of sterile 
injectable solutions or dispersions (U. S. Patent 5,466,468, specifically incorporated herein by 
reference in its entirety). In all cases the form must be sterile and must be fluid to the extent 
that easy syringability exists. It must be stable under the conditions of manufacture and 
storage and must be preserved against the contaminating action of microorganisms, such as 
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (e.g., glycerol, propylene glycol, and liquid polyethylene 
glycol, and the like), suitable mixtures thereof, and/or vegetable oils. Proper fluidity may be 
maintained, for example, by the use of a coating, such as lecithin, by the maintenance of the 
required particle size in the case of dispersion and by the use of surfactants. The prevention 
of the action of microorganisms can be facilitated by various antibacterial and antifungal 
agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In 
many cases, it will be preferable to include isotonic agents, for example, sugars or sodium 
chloride. Prolonged absorption of the injectable compositions can be brought about by the 
use in the compositions of agents delaying absorption, for example, aluminum monostearate 
and gelatin. 
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For parenteral administration in an aqueous solution, for example, the solution 
should be suitably buffered if necessary and the liquid diluent first rendered isotonic with 
sufficient saline or glucose. These particular aqueous solutions are especially suitable for 
intravenous, intramuscular, subcutaneous and intraperitoneal administration. In this 
connection, a sterile aqueous medium that can be employed will be known to those of skill in 
the art in light of the present disclosure. For example, one dosage may be dissolved in 1 ml 
of isotonic NaCl solution and either added to 1000 ml of hypodermoclysis fluid or injected at 
the proposed site of infusion (see, e.g., Remington s Pharmaceutical Sciences, 15th Edition, 
pp. 1035-1038 and 1570-1580). Some variation in dosage will necessarily occur depending 
on the condition of the subject being treated. The person responsible for administration will, 
in any event, determine the appropriate dose for the individual subject. Moreover, for human 
administration, preparations should meet sterility, pyrogenicity, and the general safety and 
purity standards as required by FDA Office of Biologies standards. 

Sterile injectable solutions are prepared by incorporating the active 
compounds in the required amount in the appropriate solvent with various of the other 
ingredients enumerated above, as required, followed by filtered sterilization. Generally, 
dispersions are prepared by incorporating the various sterilized active ingredients into a 
sterile vehicle which contains the basic dispersion medium and the required other ingredients 
from those enumerated above. In the case of sterile powders for the preparation of sterile 
injectable solutions, the preferred methods of preparation are vacuum-drying and freeze- 
drying techniques which yield a powder of the active ingredient plus any additional desired 
ingredient from a previously sterile-filtered solution thereof. 

The compositions disclosed herein may be formulated in a neutral or salt form. 
Pharmaceutically-acceptable salts, include the acid addition salts (formed with the free amino 
groups of the protein) and which are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, 
and the like. Salts formed with the free carboxyl groups can also be derived from inorganic 
bases such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, 
and such organic bases as isopropylamine, trimethylamine, histidine, procaine and the like. 
Upon formulation, solutions will be administered in a manner compatible with the dosage 
formulation and in such amount as is therapeutically effective. The formulations are easily 
administered in a variety of dosage forms such as injectable solutions, drug-release capsules, 
and the like. 
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As used herein, "carrier" includes any and all solvents, dispersion media, 
vehicles, coatings, diluents, antibacterial and antifungal agents, isotonic and absorption' 
delaying agents, buffers, carrier solutions, suspensions, colloids, and the like. The use of 
such media and agents for pharmaceutical active substances is well known in the art. Except 
insofar as any conventional media or agent is incompatible with the active ingredient, its use 
in the therapeutic compositions is contemplated. Supplementary active ingredients can also 
be incorporated into the compositions. 

The phrase "pharmaceutically-acceptable" refers to molecular entities and 
compositions that do not produce an allergic or similar untoward reaction when administered 
to a human. The preparation of an aqueous composition that contains a protein as an active 
ingredient is well understood in the art. Typically, such compositions are prepared as 
injectables, either as liquid solutions or suspensions; solid forms suitable for solution in, or 
suspension in, liquid prior to injection can also be prepared. The preparation can also be 
emulsified. 

15 C. Nasal Delivery 

In certain embodiments, the pharmaceutical compositions may be delivered by 
intranasal sprays, inhalation, and/or other aerosol delivery vehicles. Methods for delivering 
genes, nucleic acids, and peptide compositions directly to the lungs via nasal aerosol sprays 
has been described e.g., in U. S. Patent 5,756,353 and U. S. Patent 5,804,212 (each ' 
specifically incorporated herein by reference in its entirety). Likewise, the delivery of drugs 
using intranasal microparticle resins (Takenaga et ai, 1998) and lysophosphatidyl-glycerol 
compounds (U. S. Patent 5,725,871, specifically incorporated herein by reference in its 
entirety) are also well-known in the pharmaceutical arts. Likewise, transmucosal drug 
delivery in the form of a polytetrafluoroetheylene support matrix is described in U. S. Patent 
5,780,045 (specifically incorporated herein by reference in its entirety). 

D. Liposome-, Nanocapsule-, and Microparticle-Mediated Delivery 

In certain embodiments, the inventors contemplate the use of liposomes, 
nanocapsules, microparticles, microspheres, lipid particles, vesicles, and the like, for the 
introduction of the compositions of the present invention into suitable host cells. In 
particular, the compositions of the present invention may be formulated for delivery either 
encapsulated in a lipid particle, a liposome, a vesicle, a nanosphere, or a nanoparticle or the 
like. 
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Such formulations may be preferred for the introduction of pharmaceutically- 
acceptable formulations of the nucleic acids or constructs disclosed herein. The formation 
and use of liposomes is generally known to those of skill in the art (see for example, 
Couvreur et al, 1977; Couvreur, 1988; Lasic, 1998; which describes the use of liposomes and 
nanocapsules in the targeted antibiotic therapy for intracellular bacterial infections and 
diseases). Recently, liposomes were developed with improved serum stability and circulation 
half-times (Gabizon & Papahadjopoulos, 1988; Allen and Choun, 1987; U. S. Patent 
5,741,516, specifically incorporated herein by reference in its entirety). Further, various 
methods of liposome and liposome like preparations as potential drug carriers have been 
reviewed (Takakura, 1998; Chandran et al, 1997; Margalit, 1995; U. S. Patent 5,567,434; U. 
S. Patent 5,552,157; U. S. Patent 5,565,213; U. S. Patent 5,738,868 and U. S. Patent 
5,795,587, each specifically incorporated herein by reference in its entirety). 

Liposomes have been used successfully with a number of cell types that are 
normally resistant to transfection by other procedures including T cell suspensions, primary 
15 hepatocyte cultures and PC 12 cells (Renneisen et al, 1990; Muller et al, 1990). In addition, 
liposomes are free of the DNA length constraints that are typical of viral-based delivery 
systems. Liposomes have been used effectively to introduce genes, drugs (Heath & Martin, 
1986; Heath et al, 1986; Balazsovits et al, 1989; Fresta & Puglisi, 1996), radiotherapeutic 
agents (Pikul et al, 1987), enzymes (Imaizumi et al, 1990a; Imaizumi et al, 1990b), viruses 
20 (Faller & Baltimore, 1 984), transcription factors and allosteric effectors (Nicolau & 
Gersonde, 1979) into a variety of cultured cell lines and animals. In addition, several 
successful clinical trails examining the effectiveness of liposome-mediated drug delivery 
have been completed (Lopez-Berestein et al, 1985a; 1985b; Coune, 1988; Sculier et al, 
1988). Furthermore, several studies suggest that the use of liposomes is not associated with 
25 autoimmune responses, toxicity or gonadal localization after systemic delivery (Mori & 
Fukatsu, 1992). 

Liposomes are formed from phospholipids that are dispersed in an aqueous 
medium and spontaneously form multilamellar concentric bilayer vesicles (also termed 
multilamellar vesicles (MLVs). MLVs generally have diameters of from 25 run to 4 urn. 
30 Sonication of MLVs results in the formation of small unilamellar vesicles (SUVs) with 
diameters in the range of 200 to 500 A, containing an aqueous solution in the core. 

Liposomes bear resemblance to cellular membranes and are contemplated for 
use in connection with the present invention as carriers for the peptide compositions. They 
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are widely suitable as both water- and lipid-soluble substances can be entrapped, i.e. in the 
aqueous spaces and within the bilayer itself, respectively. It is possible that the drug-bearing 
liposomes may even be employed for site-specific delivery of active agents by selectively 
modifying the liposomal formulation. 

In addition to the teachings of Couvreur et al (1977; 1988), the following 
information may be utilized in generating liposomal formulations. Phospholipids can form a 
variety of structures other than liposomes when dispersed in water, depending on the molar 
ratio of lipid to water. At low ratios the liposome is the preferred structure. The physical 
characteristics of liposomes depend on pH, ionic strength and the presence of divalent 
cations. Liposomes can show low permeability to ionic and polar substances, but at elevated 
temperatures undergo a phase transition which markedly alters their permeability. The phase 
transition involves a change from a closely packed, ordered structure, known as the gel state, 
to a loosely packed, less-ordered structure, known as the fluid state. This occurs at a 
characteristic phase-transition temperature and results in an increase in permeability to ions, 
sugars and drugs. 

In addition to temperature, exposure to proteins can alter the permeability of 
liposomes. Certain soluble proteins, such as cytochrome c, bind, deform and penetrate the 
bilayer, thereby causing changes in permeability. Cholesterol inhibits this penetration of 
proteins, apparently by packing the phospholipids more tightly. It is contemplated that the 
most useful liposome formations for antibiotic and inhibitor delivery will contain cholesterol. 

The ability to trap solutes varies between different types of liposomes. For 
example, MLVs are moderately efficient at trapping solutes, but SUVs are extremely 
inefficient. SUVs offer the advantage of homogeneity and reproducibility in size distribution, 
however, and a compromise between size and trapping efficiency is offered by large 
unilamellar vesicles (LUVs). These are prepared by ether evaporation and are three to four 
times more efficient at solute entrapment than MLVs. 

In addition to liposome characteristics, an important determinant in entrapping 
compounds is the physicochemical properties of the compound itself. Polar compounds are 
trapped in the aqueous spaces and nonpolar compounds bind to the lipid bilayer of the 
vesicle. Polar compounds are released through permeation or when the bilayer is broken, but 
nonpolar compounds remain affiliated with the bilayer unless it is disrupted by temperature 
or exposure to lipoproteins. Both types show maximum efflux rates at the phase transition 
temperature. 
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intracellular polymeric overloading, such ultrafine particles (sized around 0.1 ^m) should be 
designed using polymers able to be degraded in vivo. Biodegradable polyalkyl-cyanoacrylate 
nanoparticles that meet these requirements are contemplated for use in the present invention. 
Such particles may be are easily made, as described (Couvreur et al., 1980; 1988; zur Muhlen 
et al, 1998; Zambaux et al. 1998; Pinto-Alphandry et al., 1995 and U. S. Patent 5,145,684, 
specifically incorporated herein by reference in its entirety). 

X. VACCINES 

In certain preferred embodiments of the present invention, vaccines are 
provided. The vaccines will generally comprise one or more pharmaceutical compositions, 
such as those discussed above, in combination with an immunostimulant. An 
immunostimulant may be any substance that enhances or potentiates an immune response 
(antibody and/or cell-mediated) to an exogenous antigen. Examples of immunostimulants 
include adjuvants, biodegradable microspheres {e.g., polylactic galactide) and liposomes (into 
which the compound is incorporated; see, e.g., Fullerton, U.S. Patent No. 4,235,877). 
Vaccine preparation is generally described in, for example, Powell & Newman, eds., Vaccine 
Design (the subunit and adjuvant approach) (1995). Pharmaceutical compositions and 
vaccines within the scope of the present invention may also contain other compounds, which 
may be biologically active or inactive. For example, one or more immunogenic portions of 
other tumor antigens may be present, either incorporated into a fusion polypeptide or as a 
separate compound, within the composition or vaccine. 

Illustrative vaccines may contain DNA encoding one or more of the 
polypeptides as described above, such that the polypeptide is generated in situ. As noted 
above, the DNA may be present within any of a variety of delivery systems known to those of 
ordinary skill in the art, including nucleic acid expression systems, bacteria and viral 
expression systems. Numerous gene delivery techniques are well known in the art, such as 
those described by Rolland, Crit. Rev. Therap. Drug Carrier Systems 15: 143-198 (1998), and 
references cited therein. Appropriate nucleic acid expression systems contain the necessary 
DNA sequences for expression in the patient (such as a suitable promoter and terminating 
signal). Bacterial delivery systems involve the administration of a bacterium (such as 
Bacillus-Calmette-Guerrin) that expresses an immunogenic portion of the polypeptide on its 
cell surface or secretes such an epitope. In a preferred embodiment, the DNA may be 
introduced using a viral expression system (e.g., vaccinia or other pox virus, retrovirus, or 
adenovirus), which may involve the use of a non-pathogenic (defective), replication 
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competent virus. Suitable systems are disclosed, for example, in Fisher-Hoch et al.,Proc. 
Natl. Acad. Sci. USA 86:317-321 (1989); Flexner etal,Ann. N.Y. Acad. Sci. 569:86-103 
(1989); Flexner etal., Vaccine 8:17-21 (1990); U.S. Patent Nos. 4,603,112, 4,769,330, and 
5,017,487; WO 89/01973; U.S. Patent No. 4,777,127; GB 2,200,651; EP 0,345,242; WO 
91/02805; Berkner, Biotechniques 6:616-627 (1988); Rosenfeld et ai, Science 252:431-434 
(1991); Kolls et al, Proc. Natl. Acad. Sci. USA 91 :215-219 (1994); Kass-Eisler et al, Proc. 
Natl. Acad. Sci. USA 90:1 1498-1 1502 (1993); Guzman et al, Circulation 88:2838-2848 
(1993); and Guzman et al, dr. Res. 73:1202-1207 (1993). Techniques for incorporating 
DNA into such expression systems are well known to those of ordinary skill in the art. The 
DNA may also be "naked," as described, for example, in Ulmer et al, Science 259:1745- 
1749 (1993) and reviewed by Cohen, Science 259:1691-1692 (1993). The uptake of naked 
DNA may be increased by coating the DNA onto biodegradable beads, which are efficiently 
transported into the cells. It will be apparent that a vaccine may comprise both a 
polynucleotide and a polypeptide component. Such vaccines may provide for an enhanced 
immune response. 

It will be apparent that a vaccine may contain pharmaceutical^ acceptable 
salts of the polynucleotides and polypeptides provided herein. Such salts may be prepared 
from pharmaceutical^ acceptable non-toxic bases, including organic bases (e.g., salts of 
primary, secondary and tertiary amines and basic amino acids) and inorganic bases (e.g., 
sodium, potassium, lithium, ammonium, calcium and magnesium salts). 

While any suitable carrier known to those of ordinary skill in the art may be 
employed in the vaccine compositions of this invention, the type of carrier will vary 
depending on the mode of administration. Compositions of the present invention may be 
formulated for any appropriate manner of administration, including for example, topical, oral, 
nasal, intravenous, intracranial, intraperitoneal, subcutaneous or intramuscular administration. 
For parenteral administration, such as subcutaneous injection, the carrier preferably 
comprises water, saline, alcohol, a fat, a wax or a buffer. For oral administration, any of the 
above carriers or a solid carrier, such as mannitol, lactose, starch, magnesium stearate, 
sodium saccharine, talcum, cellulose, glucose, sucrose, and magnesium carbonate, may be 
employed. Biodegradable microspheres (e.g., polylactate polyglycolate) may also be 
employed as carriers for the pharmaceutical compositions of this invention. Suitable 
biodegradable microspheres are disclosed, for example, in U.S. Patent Nos. 4,897,268; 
5,075,109; 5,928,647; 5,81 1,128; 5,820,883; 5,853,763; 5,814,344 and 5,942,'252.' One may 
also employ a carrier comprising the particulate-protein complexes described in U.S. Patent 
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No. 5,928,647, which are capable of inducing a class I-restricted cytotoxic T lymphocyte 

responses in a host. 

Such compositions may also comprise buffers {e.g., neutral buffered saline or 
phosphate buffered saline), carbohydrates {e.g., glucose, mannose, sucrose or dextrans) 
5 manmtol, proteins, polypeptides or amino acids such as glycine, antioxidants, bacteriostats 
chelatmg agents such as EDTA or glutathione, adjuvants {e.g., aluminum hydroxide), solutes 
that render the formulation isotonic, hypotonic or weakly hypertonic with the blood of a 
recipient, suspending agents, thickening agents and/or preservatives. Alternatively 
compositions of the present invention may be formulated as a lyophilizate. Compounds may 
10 also be encapsulated within liposomes using well known technology. 

Any of a variety of immunostimulants may be employed in the vaccines of 
this invention. For example, an adjuvant may be included. Most adjuvants contain a 
substance designed to protect the antigen from rapid catabolism, such as aluminum hydroxide 
or mineral oil, and a stimulator of immune responses, such as lipid A, Bortadella pertussis or 
5 Mycobacterium species or Mycobacterium derived proteins. For example, delipidated 

deglycolipidated M. vaccae ("pVac") can be used. In another embodiment, BCG is used. In 
addition, the vaccine can be administered to a subject previously exposed to BCG. Suitable 
adjuvants are commercially available as, for example, Freund's Incomplete Adjuvant and 
Complete Adjuvant (Difco Laboratories, Detroit, MI); Merck Adjuvant 65 (Merck and 
Company, Inc., Rahway, NJ); AS-2 and derivatives thereof (SmithKline Beecham 
Philadelphia, PA); CWS, TDM, Leif, aluminum salts such as aluminum hydroxide' gel (alum) 
or aluminum phosphate; salts of calcium, iron or zinc; an insoluble suspension of acylated 
tyrosine; acylated sugars; cationically or anionically derivatized polysaccharides; 
polyphosphazenes; biodegradable microspheres; monophosphoryl lipid A and quil A 
Cytokines, such as GM-CSF or interleukin-2, -7, or -12, may also be used as adjuvants. 

Within the vaccines provided herein, the adjuvant composition is preferably 
designed to induce an immune response predominantly of the Thl type. High levels of Thl- 
type cytokines {e.g., IFN-y, TNFa, IL-2 and IL-12) tend to favor the induction of cell 
mediated immune responses to an administered antigen. In contrast, high levels of Th2-type 
cytokines IL-4, IL-5, IL-6 and IL-10) tend to favor the induction of humoral immune 
responses. Following application of a vaccine as provided herein, a patient will support an 
immune response that includes Thl- and Th2-type responses. Within a preferred 
embodiment, in which a response is predominantly Thl-type, the level of Thl-type cytokines 
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identified based on their typical shape (stellate in situ, with marked cytoplasmic processes 
(dendrites) visible in vitro), their ability to take up, process and present antigens with high 
efficiency and their ability to activate naive T cell responses. Dendritic cells may, of course, 
be engineered to express specific cell-surface receptors or ligands that are not commonly 
5 found on dendritic cells in vivo or ex vivo, and such modified dendritic cells are contemplated 
by the present invention. As an alternative to dendritic cells, secreted vesicles antigen-loaded 
dendritic cells (called exosomes) may be used within a vaccine (see Zitvogel et al, Nature 
Med. 4:594-600(1998)). 

Dendritic cells and progenitors may be obtained from peripheral blood, bone 
10 marrow, tumor-infiltrating cells, peritumoral tissues-infiltrating cells, lymph nodes, spleen, 
skin, umbilical cord blood or any other suitable tissue or fluid. For example, dendritic cells 
may be differentiated ex vivo by adding a combination of cytokines such as GM-CSF, IL-4, 

O 

o3 IL-13 and/or TNFa to cultures of monocytes harvested from peripheral blood. Alternatively, 

'tl CD34 positive cells harvested from peripheral blood, umbilical cord blood or bone marrow 

B 1 5 may be differentiated into dendritic cells by adding to the culture medium combinations of 
SJ GM-CSF, IL-3, TNFa, CD40 ligand, LPS, flt3 ligand and/or other compound(s) that induce 

f~ : 

! ZZ. 

l~ differentiation, maturation and proliferation of dendritic cells. 

jf; Dendritic cells are conveniently categorized as "immature" and "mature" cells, 

M= which allows a simple way to discriminate between two well characterized phenotypes. 

S 20 However, this nomenclature should not be construed to exclude all possible intermediate 
□ stages of differentiation. Immature dendritic cells are characterized as APC with a high 

capacity for antigen uptake and processing, which correlates with the high expression of Fey 
receptor and mannose receptor. The mature phenotype is typically characterized by a lower 
expression of these markers, but a high expression of cell surface molecules responsible for T 
25 cell activation such as class I and class II MHC, adhesion molecules (e.g., CD54 and CD1 1) 
and costimulatory molecules (e.g., CD40, CD80, CD86 and 4-1BB). 

APCs may generally be transfected with a polynucleotide encoding a protein 
(or portion or other variant thereof) such that the polypeptide, or an immunogenic portion 
thereof, is expressed on the cell surface. Such transfection may take place ex vivo, and a 
30 composition or vaccine comprising such transfected cells may then be used for therapeutic 
purposes, as described herein. Alternatively, a gene delivery vehicle that targets a dendritic 
or other antigen presenting cell may be administered to a patient, resulting in transfection that 
occurs in vivo. In vivo and ex vivo transfection of dendritic cells, for example, may generally 
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be performed „ sing any raethods ^ fa ^ ^ ^ ^ ^ ^ ^ 

rz, i ,t, described by Mahvi • ^ ■ 

4o0 (,997). Antigen ,oad,ng of dendritic ceils may be achieved by mcubating dendritic celfs 
or proge^or ce„s „ ilh the polypeptide, DNA (naked or within a piasmid vec or, or rT! 
5 w.th antigen-expressing recom binant bactenum or ^ ^ ^ 

adenovtrus or Antivirus vectors,. Prior ,o ,oadi„g, the po.ypep.ide may be covalem, y 
conjugated ,o an tmmuno.ogica, partner tha, provides T ceH he,p a carrier moIecu , e) 
A„emative,y, a dendritic eel, may b. pursed „ iUl a »„,co„ju g a,ed immuno,ogica, part„„ 
separately or in the presence of the polypeptide. 

0 mu „- „ VaCCineS PharmaCeU " Cal «»»P°->ions may be presented in unit-dose or 

mum-dose contamers, such as sea.ed ampou,es or via,, Such containers are preferably 
he— y sealed to preserve sterihty „f the formation unti, use. !„ genera,, formulations 
may be stored as suspensions, solutions or emulsions in oi,y or aqueous vehicles 
Alternatively, a vaccine or pharmaceutical composition may be stored in a freeze-dned 
condttion requiring only , he addttion of a sterile liquid carrier immediately prior to use. 
XI. DIAGNOSTIC KITS 

The present invention ftmher provides kits for use within any of the above 
diagnostic method, Such kits typically comprise two or more components necessary for 
performmg a diagnostic assay. Components may be compounds, reagents, containers and/or 
equtpment. For examp.e, one container within a ki, may contain a monoCona, antibody or 
fragment thereof tha, specifically binds to a protein. Such antibodies or fragments may be 
provtded attached to a support matenal, as described above. One or more additiona, 
contatners may enciose Cements, such as reagents or buffers, ,„ be used in the assay Such 
kd. may also, or alternatively, contain a detection reagent as desenbed above that contains a 
reporter group suitable for direct or indirect detection of antibody binding. 

Alternatively, a kit may be designed to detect the !eve, of mRNA encoding a 
protetn ,„ a b.Cogica, samp.e. Such kits general* comprise a, least one ohgonudeotide 
probe or pnmer, as desenbed above, tha, hybridizes to a po.ynudeotide encoding a protein 
Such an ohgonudeotide may be used, for examp,e, within a PCR or hybridization assay ' 
Adttiona, components that may be present wtthtn such kits include a second oligonucleotide 
and/or a diagnostic reagent or container to facihtate the detection of a polynucleotide 
encoding a protein of the invention. 
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All publications and patent applications cited in this specification are herein 
incorporated by reference as if each individual publication or patent application were 
specifically and individually indicated to be incorporated by reference. 

Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, it will be readily apparent to 
one of ordinary skill in the art in light of the teachings of this invention that certain changes 
and modifications may be made thereto without departing from the spirit or scope of the 
appended claims. 

XII. EXAMPLES 

The following examples are provided by way of illustration only and not by 
way of limitation. Those of skill in the art will readily recognize a variety of noncritical 
parameters that could be changed or modified to yield essentially similar results. 

Example 1: Recombinant Fusi on Proteins of M. tuberculosis Antigens Exhibit Increased 
Serological Sensitivity 

A. Materials and Methods 

1 . Construction of vectors encoding fusion proteins: TbF14 
f TbF 1 4 fls a fusion protein of the amino acid sequence encoding the MTb8 1 
antigen fused to the amiiao acid sequence encoding the Mo2 antigen. A sequence encoding 
Mo2 was PCR amplified Vith the following primers: PDM-294 (T m 64°C) 
CGTAATCACGTGCAGA\aGTACGGCGGATC (SEQ ID NO:14)and PDM-295 (T m 63 °C) 
CCGACTAGAATTCACTAOTGACAGGCCCATC (SEQ ID NO: 15). 

DNA amplification was performed using 10 ul 10X Pfu buffer, 1 yd 10 mM 
dNTPs, 2 ul each of the PCR pHmers at 10 uM concentration, 83 ul water, 1 .5 p.1 Pfu DNA 
polymerase (Stratagene, La Jollk, CA) and 50 ng DNA template. For Mo2 antigen, 
denaturation at 96°C was performed for 2 min; followed by 40 cycles of 96°C for 20 sec, 
63°C for 15 sec and 72°C for 2.5 rjiin; and finally by 72°C for 5 min. 

A sequence encoding MTb81 was PCR amplified with the following primers: 
PDM-268 (T m 66°C) CTAAGTAGTACTGATCGCGTGTCGGTGGGC (SEQ ID NO: 16) 
and PDM-296 (T m 64°C) CATCGATAGGCCTGGCCGCATCGTCACC (SEQ ID NO: 17). 
The amplification reaction was performed using the same mix as above, as follows: 
denaturation at 96°C for 2 min; followed by 40 cycles of 96°C for 20 sec, 65°C for 15 sec, 
72°C for 5 min; and finally by 72°C for 5 min. 
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The Mo2 PCR product was digested with Eco72I (Stratagene, La Jolla CA) 



and EcoRI (NEB, Beverly, MA). The MTb81 PCR product was digested with Fsel and StuI 
(NEB, Beverly, MA). These two products were then cloned into an expression plasmid (a 
modified pET28 vector) with a hexahistidine in frame, in a three way ligation that was 
digested with Fsel and EcoRI. The sequences was confirmed, then the expression plasmid 
was transformed into the BL21pLysE E. coli strain (Novagen, Madison, WI) for expression 
of the recombinant protein. 

2. Construction of vectors encoding fusion proteins: TbFI 5 
TbF15 is a fusion of antigens Ra3, 38 kD (with an N-terminal cysteine), 38-1, 
and FL TbH4 from Mycobacterium tuberculosis, as was prepared a follows. TbFI 5 was 
made using the fusion constructs TbF6 and TbFlO. 



First, the FL (full-length) TbH4 coding region was PCR amplified with the following 
primers:PDM-157 CTAGTTAGTACTCAGTCGCAGACCGTG (SEQ ID NO:18) (T m 61°C) 
and PDM-160 GCAGTGACGAATTCACTTCGACTCC (SEQ ID NO: 19) (T m 59°C), using 
the following conditions: 10 jal 10X Pfu buffer, l^xl 10 mM dNTPs, 2 \i\ 10 \iM each oligo, 
82 ul sterile water, 1.5 |^1 Accuzyme (ISC, Kaysville, UT), 200 ng Mycobacterium 
tuberculosis genomic DNA. Denaturation at 96°C was performed for 2 minutes; followed by 
40 cycles of 96°C for 20 seconds, 61 °C 15 seconds, and 72°C 5 minutes; and finally by 72°C 
10 minutes. 

The PCR product was digested with Seal and EcoRI and cloned into 
pET28Ra3/38kD/38-l A, described below, which was digested with Dral and EcoRI. 

J pET28Ra3/38kD/38-lA was made by inserting a Dral site at the end of 38-1 
before the stop codon using the following conditions. The 38-1 coding region was PCR 
amplified with the following primers: PDM-69 

GGATCCAGCGCTXjAGATGAAGACCGATGCCGCT (SEQ ID NO: 19) (T m 68°C) and 
PDM-83 GGATA^TCTGCAGAAJTCAGGTTTAAAGCCCATTTGCGA (SEQ ID NO:20) 
(T m 64°C), usW the following conditions: 10 jil 10X Pfu buffer, 1 jil 10 mM dNTPs, 2jal 10 
|aM each oligo/ 82jal sterile water, 1.5 jal Accuzyme (ISC, Kaysville, UT), 50 ng plasmid 
DNA. Denaturation at 96°C was performed for 2 minutes; followed by forty cycles of 96°C 
for 20 seconds, 66°C for 15 seconds and 72°C for 1 minute 10 seconds; and finally 72°C 4 
minutes/ 




TbF6 was made as follows (see PCT/US99/03268 and PCT/US99/03265). 




/ 
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The 38-1 PCR product was digested with Eco47III and EcoRI and cloned into 
the pT7AL2Ra3/38kD construct (described in WO/9816646 and WO/9816645) which was 
digested with EcoRI and Eco47HL The correct construct was confirmed through sequence 
analysis. The Ra3/38kD/38-l A coding region was then subcloned into pET28 His (a 
modified pET28 vector) at the Ndel and EcoRI sites. The correct construct (called TbF6) 
was confirmed through sequence analysis. 

| Fusion construct TbF 10, which replaces the N-terminal cysteine of 38 kD, was 
made as follows. To replace ihe cysteine residue at the N-terminus, the 38kD-38-l coding 
region from the TbF fusion (described in WO/9816646 and WO/9816645) was amplified 
using the following primers: PDM-192 TGTGGCTCGAAACCACCGAGCGGTTC (SEQ ID 
NO:21) (T m 64°C) and PDM-60 GAGAGAATTCTCAGAAGCCCATTTGCGAGGACA 
(SEQ ID NO:22) (T m 64°C), using the following conditions: 10 jal 10X Pfu buffer, 1 jal 10 
mM dNTPs, 2 jal 10 jaM each oligo, 83 ^il sterile water, 1.5 ^il Pfu DNA polymerase 
(Stratagene, La Jolla, CA), and SO ng plasmid TbF DNA. The amplification reaction was 
15 performed as follows: 96°C for 2 minutes; followed by 40 cycles of 96°C for 20 seconds, 
64°C 15 seconds, and 72°C 4 mi lutes; and finally 72°C 4 minutes. Digest the PCR product 
with Eco RI and clone into pT7AL2Ra3 which has been digested with Stu I and Eco RL 
Digest the resulting construct wi ;h Nde I and EcoRI and clone into pET28 at those sites. The 
resulting clone (called TbF 10) Will be TBF + a cysteine at the 5' end of the 38kD coding 
20 region. Transform into BL21 artd HMS 174 with pLys S. 

The pET28TbF6 (TbF6, described above) construct was digested with StuI 
(NEB, Beverly, MA) and EcoRI, which released a 1.76 kb insert containing the very back 
portion of the 38 kD/38- l/FL TbH4 fusion region. This insert was gel purified. The 
pET28TbF10 construct (TbF 10, described above) was digested with the same enzymes and 
25 the vector backbone, consisting of 6.45 kb containing the his-tag, the Ra3 coding region and 
most of the A38kD coding region. This insert was gel purified. The insert and vector were 
ligated and transformed. The correct construct, called TbF15, was confirmed through 
sequence analysis, then transformed into the BL21 pLysS E. coli strain (Novagen, Madison 
WI). This fusion protein contained the original Cys at the amino terminus of the 38 kD 
30 protein. 
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B. Expression of fusion proteins 

1 . Expression of fusion proteins 

The recombinant proteins were expressed in E. coli with six histidine residues 
at the amino-terminal portion using the pET plasmid vector and a T7 RNA polymerase 
expression system (Novagen, Madison, WI). E. coli strain BL21 (DE3) pLysE (Novagen) 
was used for high level expression. The recombinant (His-Tag) fusion proteins were purified 
from the soluble supernatant or the insoluble inclusion body of 1 L of IPTG induced batch 
cultures by affinity chromatography using the one step QIAexpress Ni-NTA Agarose matrix 
(QIAGEN, Chatsworth, CA) in the presence of 8M urea. 

Briefly, 20 ml of an overnight saturated culture of BL21 containing the pET 
construct was added into 1 L of 2x YT media containing 30 jag/ml kanamycin and 34 ^g/ml 
chloramphenicol, grown at 37°C with shaking. The bacterial cultures were induced with 1 
mM IPTG at an OD 560 of 0.3 and grown for an additional 3 h (OD = 1 .3 to 1 .9). Cells were 
harvested from 1 L batch cultures by centrifugation and resuspended in 20 ml of binding 
buffer (0.1 M sodium phosphate, pH 8.0; 10 mM Tris-HCl, pH 8.0) containing 2 mM PMSF 
and 20 jig/ml leupeptin plus one complete protease inhibitor tablet (Boehringer Mannheim) 
per 25 ml. E. coli was lysed by freeze-thaw followed by brief sonication, then spun at 12 k 
rpm for 30 min to pellet the inclusion bodies. 

The inclusion bodies were washed three times in 1% CHAPS in 10 mM Tris- 
HCl (pH 8.0). This step greatly reduced the level of contaminating LPS. The inclusion body 
was finally solubilized in 20 ml of binding buffer containing 8 M urea or 8M urea was added 
directly into the soluble supernatant. Recombinant fusion proteins with His-Tag residues 
were batch bound to Ni-NTA agarose resin (5 ml resin per 1 L inductions) by rocking at 
room temperature for 1 h and the complex passed over a column. The flow through was 
passed twice over the same column and the column washed three times with 30 ml each of 
wash buffer (0.1 M sodium phosphate and 10 mM Tris-HCl, pH 6.3) also containing 8 M 
urea. Bound protein was eluted with 30 ml of 150 mM imidazole in wash buffer and 5 ml 
fractions collected. Fractions containing each recombinant fusion protein were pooled, 
dialyzed against 10 mM Tris-HCl (pH 8.0) bound one more time to the Ni-NTA matrix, 
eluted and dialyzed in 10 mM Tris-HCl (pH 7.8). The yield of recombinant protein varies 
from 25-1 50 mg per liter of induced bacterial culture with greater than 98% purity. 
Recombinant proteins were assayed for endotoxin contamination using the Limulus assay 
(BioWhittaker) and were shown to contain < 100 E.U./mg. 
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ELISA assays were performed with TbF15 using methods known to those of 
skill in the art, with 200 ng/well of antigen. ELISA assays are performed with TbF14 using 
methods known to those of skill in the art, with 200 ng/well of antigen. 

3. Results 

The TbF15 fusion protein containing TbRa3, 38kD (with N terminal cysteine), 
Tb38-1, and full length (FL) TbH4 as described above was used as the solid phase antigen in 
ELISA. The ELISA protocol is as described above. The fusion recombinant was coated at 
200 ng/well. A panel of sera were chosen from a group of TB patients that had previously 
been shown by ELISA to be positive or borderline positive with these antigens. Such a panel 
enabled the direct comparison of the fusions with and without the cysteine residue in the 38 
kD component. The data are outlined in Figure 5. A total of 23 TB sera were studied and of 
these 20/23 were detected by TbF6 versus 22/23 for TbF15. Improvements in reactivity were 
seen in the low reactive samples when TbF15 was used. 

One of skill in the art will appreciate that the order of the individual antigens 
within each fusion protein may be changed and that comparable activity would be expected 
provided that each of the epitopes is still functionally available. In addition, truncated forms 
of the proteins containing active epitopes may be used in the construction of fusion proteins. 

Example 2: Cloning, construction, and expression of HTCC#1 full-length, overlapp ing 
halves, and deletions as fusion constructs 

HTCC#1 (aka MTb40) was cloned by direct T cell expression screening using 

a T cell line derived from a healthy PPD positive donor to directly screen an E. coli based 

MTb expression library. 

A. Construction and screening of the plasmid expression library 

Genomic DNA from M. tuberculosis Erdman strain was randomly sheared to 
an average size of 2 kb and blunt ended with Klenow polymerase, before EcoRI adaptors 
were added. The insert was subsequently ligated into the 1 screen phage vector and packaged 
in vitro using the PhageMaker extract (Novagen). The phage library (Erd 1 screen) was 
amplified and a portion was converted into a plasmid expression library. Conversion from 
phage to plasmid (phagemid) library was performed as follows: the Erd 1 Screen phage 
library was converted into a plasmid library by autosubcloning using the E. coli host strain 
BM25.8 as suggested by the manufacturer (Novagen). Plasmid DNA was purified from 
BM25.8 cultures containing the pSCREEN recombinants and used to transform competent 
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cells ofthe expressing host strain BL2imE3^Lv^ Tv*„cf ^ „ 
Q*,„ 0 n • ^H^JjpLysS. Transformed cells were aliquoted into 

Plates of .he 96 well plasmid librae format were induced wi.h IPTG to allow ra „• 

me bacterial pellet was resuspended in 200 ul of IX PBS. 

Autologous dendritic cells were subsequently fed with th^ F r u , 

eel, recogmt.on was detected by proliferation and/or product™ of 1PN-, Wells ? 

d p :r w r enbrokendownus,ng,hesamepro '- 01 -.—i— * 

el"d ^ " ~ - - ~ P-in 

R «~- * «* °f «be f ull -le„ gttl and overlappil]g co „ str|icts of 

f ^ f ide " Med "° sit ^ "^Is was further broken down un til a s in „, e 
eacttve clone (W, was .denied. Sequencing of the DNA insert followed by s ^„ 
of the Genebank database revealed a 1 00°/ * 

locus MTCY7H7bX 7 , * SCqUenCeS ^ M '«* 

iolus ivi i U Y7H7B / (gene identification MTCY07H7R rvr. i„ * a 

clone SCY07H7/Tfc ^™7H7B.06) located on reg lon B of the cosmid 

cione 6CY07H7/ The entire open reading frame is ~1 ?nn J™ i ^ , 

r3 o 2am - /. . SIrameis ~ 1 ' 200b Plongandcode S fora40kDa 

and3'«/ C ATGGAATICGCCGTTAGACGACGrrTrrT 4 CA ™ ' 

amph/the fUU-length sequence of HTCC*, 7 " "~ 

stra/ m ge "° m,C ° NA of ,he ""•'*»■ Erdman 

The 5- oligonucleotide contained an We /restriction sj , 
.nt .at.on codon (underline,) followed b y nucleotide sequences encoding six j£. £L 

< atagene, La JolIa> CA) and were subsequent^ transformed into B. coli BL-21 (pLysffi, 
host cells (Novagen, Madison, WI) for expression. * ' 

C Expression of the f ull ,e ngtb ..„ overlappi „ 8 COIlstrncls of HTCc#] 

Several attempts to express the full-length sequence of HTCCffl in E coli 
^..ede.therbecauseno.ansforman.sconldbeob.in. or because the host cet were 
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lysed following IPTG induction. HTCC#1 is 10? •* , 

m^ffi is amino acids long and has 3 trans 

^brane (TM) domains which a re presumably response for the l y sm g of the T coh 
culture following IPTG induction. 

Thus expression of HTCC#1 was initially attempted by constructing two 
> overlapping fragments coding for the amino (residues 1-223- Fi. M „ u 

184-392; Fig. 2b) halves. 8 " } ^ ""^ (r6SldUeS 

The N-terminal (residues 1-223) fragment containing the first of the 3 n„t fl f 

r~c "^'r^" « ro „ tra „, membranedom , n 92, 

located m the C-tenmnal half do not appear to be toxic. 

the „ „ The N " term " ,aI &agment ' C ° mP,iSing ami "° ^ residues 1-128 (devoid of 

he t_„rane domam) , was ^ ..^ fcr * 

vector system (Fig. 2c) . ^ „ ^ ^ ^ * 

associated with the expressing £ «.// host. 

c E „nT„c« ° " * C °" *»*■«* HTC C« as an ThRa,2 , osi „„ 

Because of problems associated with the expression of full length HTCWl 
we evaluated the utility of an ThB,,i ■> r, ■ 6>"niiA,»l, 
uity an TbRaI2 fusion construct for the generation of a fusion orotein 
that would allow for the stable expression of recombinant mean. 

pET17b vector (Novagen) was modified to include TbRal2, a 14 kDa C- 

sXrH of ae senne pro,ease masm mtb32a — 

(Skeiky . For use ^ m expressjon vec(or> 3 , ^ 

r;::Hr: ft T fhmeEcoRisiteand,heN — 

s x His-tag residues immediately following the initiator Me,. This would facilitate a 
simple one step purification protocol of ThRal2 recombinant proteins by affinity 
chromatography over Ni-NTA matrix. 

standi PCR SP Tr" y ' C " temina ' fra8men ' ° f MTB32A ™ ™P«W ^ 

cIcTaT C A rZ S USm8 °' i80nUCle ° tide 5>(CAA ™ CAT Affi CAT 

™ ™ Z !° I TCC CTC GGC CAA) - ^ 450 b " - 

and EcA and cloned ,„,o the p ET , 7 b expression vector similarly digested with the 
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™a,2H A ReC ° mbinantHTCC#1WaS ~^f- session as a fUsion pro , e i„ with 
URa, 2 by desigmng oligonucleotide primers to specifically amplify the full f om . 
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The 5' oligonucleotide contained a thrombin recognition site. The resulting PGR amn. fi h 
P-uct 

vector. Following transformation into the E. coli host strain fXLl hi J 

- » is™ w„h ^ Subsequently> ^ dna - 

penned ,„,„ the BL-2, (p^ bactenal hosl „ d ^ ^ ^« * 

following mduclion of the culture with IPTG. expressed 

E ' EES" * M " ° f — ■« of -e , ra „, menil , r ane 

responsible for? 1 "" * T^" ' (™> «omai„s are 

.Xte ™ dT ' <:< *'' h0S, f °"° WinS ^ ^ ~— ~ 
lacking the TM domams were engineered for expression in E. coli. 

h Recombinant HTCCT1 with d„,,n„„ „,„ .. «, TM fATM-n , 
ngmeered for expression * (Kg. 4a , Th ,, ^ 

ougn ( mg quan „, ies) _ purjfied ^ ^ w(ro studta ^ J ^ 

co m parab,e ,„ ,„ vUro Mys to mat of fte ^ ^ ^ *i- ™ 

^«^ Cm ^,>, go/ //TCC«. Because of the generally low level of 
expresston using the ATM-! cons,™, the design of the final for™ of HTCC#, for 
expression in * coli was based „„ ^ ^ ^ ^ 

30 over appmg pepttdes (Fig. 4b, on PBMC read „u, (on four PPD + donors, Th data 

revealed that peptides 8, hrough 16 (amino acid residues 92 215W.r, , 

(Fig. 4 C ). raiaues 92-2 1 5, were not immunogenic 

rr was ensweered for expressi ° n in k cou - The *» ^ « Tc «, i S 40 

There was no tox.city assocated with this new deletion construe, and the expression 
level was higher man ma, of me ATM-, construe, (Fig. 4d,. 
F. Fusion constructs of HTCC#1 and TbH9: 

Fig. 5 shows a sequence of HTCC#1 (184-392)-TbH9-HTCCM (1-129) 
F.g. 6 shows a sequence of HTCCSl (l-149)-TbH9-HTCC#l (161-392) 
F,g. 7 shows a sequence of HTCC#1 (184-392)-TbH9-HTCC#l (1-200) 
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One of skiH in the art win appreciate tha, the order of ,he individual antigens 
w*» each fusion protein may be changed and «ha, comparabie activity „ou,d be expected 
provtded fta, each of the epitopes is sti,, tuncionaiiy avai,ab,e. m addition, Seated forms 
of ttte protons containing active epttopes may be used in the construction of fusion protein, 

Front the foregoing, i, win be appreciated that, ahhough specific embodiments 
of the mventton have been described herein for the purpose of inustration, various 
modtfications may be made without deviating fiom the spirit and scope of the invention 
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